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environment. 


When  you  need  quality  filters  for 
dry  inhalation  or  wet  exhalation 
environments,  all  you  have  to  do 
is  choose  Puritan-Bennett. 

Our  durable  OmniFilter  com- 
bines dependable  filtration  and 
reusable  performance  in  any 
inhalation  or  heated  exhalation 
application. 

Our  low-cost  Single-Pcitient  Use 
(SPU)  filter  delivers  dependable 
filtration  and  disposable  con- 
venience for  your  7200"  Series 
heated  exhalation  uses. 


So  for  any  application,  in  any 
environment  there's  really  just 
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Bennett  filtration  products. 
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SYSTEM 
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pasteurizes  in  one  totally 
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cycle,  a  real  time  and 
space  saver!  New 
microprocessor  controls. 
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The  Aerosol  Treatment 
Guard  (ATG)  is  a  small 
ctiamber  on  wtieeis  which 
is  used  to  draw  air 
toward,  and  around  a 
patient  receiving  aerosol 
treatment.  The  air  is  then 
filtered  and  cleaned 
before  returning  to  the 
room.  This  process 
protects  hospital 
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to  the  vapors  of  this 
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And  Other  Myths  E^'hied. 


Immediate  reports  from 
a  tape-based  Holter 
system.  Sounds 
oxymoronic,  kind  of 
like  jumho  shrimp. 
Fact  is,  they 
both  exist. 
But  that  didn't  used 
to  be  the  case. 
It  used  to  be  that  if  fast  reports  were  what 
you  wanted  from  a  Holter  system,  you  were 
limited  to  solid-state  recorders.  And  the  higher  cost 
and  limitations  that  go  with  them. 

But  Used-To-Be's  Don't  Count  Any  More. 

Not  since  the  introduction  ot  our  new  line  of  Q-corder 
Holter  systems.  Each  uses  a  standard  Holter  cassette  tape 
(recorded  in  1  mm/sec  format).  But,  unlike  other  tape- 
based  systems,  our  recorders  analyze  ECG,  pacer,  and 
3-channel  ST  data  in  "real-time."  As  it's  happening. 
Thanks  to  this  unique  technolc)gy,  you  get  a  Quik-Summary 
report  of  data  recorded  on  the  Q-corder  932  within  two  minutes 
of  inserting  the  tape. 

Just  like  real-time,  solid-state  systems,  but  without  the  volatile 
memory.  Or  extra  expense. 

That  means  all  ECG  data  is  there  to  stay  —  you  can  store  the 
tape  for  future  use.  TTiat's  not  the  case  with  data  recorded  on  solid- 
state  systems  where  you  have  72  hours  (or  less)  to  use  it 
or  lose  it. 

Q-SMART "  Tape  Format  Has  A  Mind  Of  Its  Own. 

This  is  all  possible  because  ot  our  recorder's  Q-SMART 
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cassette  format. 

No  other  system 
offers  it. 

So  when 
your  patient  a^mpletes 


the  recording  cycle,  just  pop  the  cassette  into  the  playback  deck, 
and  you'll  get  a  comprehensive  report.  Complete  with  narrative, 
tabular,  and  trend  summaries  based  on  beat-by-beat  annotated 
data  and  dual-channel  anhythmia  detection;  three-channel  ST 
analysis;  R-R  interval  and  heart  rate  data;  pacer  detection;  and  more. 

High-Resolution,  Color  Monitor 
Means  You  Get  The  Picture. 


On  our  top-end  system,  the 
Q960,  the  high-resolution,  color 
monitor  allows  you  to  view 
and  edit  each  annotated,  dual- 
channel  event  (with  color- 
CLxIed  rhythm  abnomialities); 
perform  superimposition  scanning;  and  view  full-disclosure 
waveforms. 
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tion viewing,  but  on  a  less  expensive  monochrome  display. 

And  the  Q950  system  provides  full-disclosure,  Quik-Summary 
reports,  but  without  superimposition. 

It's  Your  CaU. 
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your  eyes  won't  get  stuck  like  that. 
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SleepLab  Diagnostics...  With  Home  Follow  Up 


Compatible  Systems,  Consistent  Analysis  &  Reports 


CNS  SleepLab  System 

The  most  w  ielcly  used  c(  )m[iutcrizcd  sleep 
s)-stem  for  adult  &  pediatric  ap[olications. 
Computer  aided  and  automated  anal)'sis 
programs  include:  Staging,  Apnea.  C?AP. 
Oximetiy.  Anhnhmia,  PLMS,  Sleep  Frag- 
mentation, MSLT,  pH  and  more. 

CNS  SleepLab  Systems  ( 1  or  2  bed)  can  be 
configured  to  have  built-in  amplifiers  or  to 
interface  to  the  lab's  existing  polygraphs. 
The  CNS  SleepLab  is  a  turn-key  system 
designed  w iih  ad\anced  lechnolog)'. 


CNS  Poly  G    System 

Poly  G  is  a  portable  apnea  recording  system 
for  CPAP/post  surgical  follo^\iip  of  sleep 
apnea  patients,  recording  ICU  patients  and 
neonatal  testing  in  the  hospital,  the  sleep 
lab,  or  the  home.  Computerized  analysis 
requires  IBM.  IBM  compatible  or  CNS 
SleepLab  Systems 


® 


VI 


CNS.  Inc.,  1250  Park  Road  •  Chanhassen,  Minnesota  55317-9260 
(800)  843-2978,  in  MN  (612)  474-7600 

IBM  IS  a  re'gistered  trademark  of  International  Business  Machines  Corp. 
CNS  is  a  registered  trademark  of  CNS,  Inc..  Sleeplab  is  a  trademark  of  CNS,  Inc..  Poly  G  is  a  trademark  of  CNS,  Inc.. 
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But  with  support 
like  tliis,  you  can  realiy 
cut  CUA  down  to  size. 


lao  up 


Failure  to  comply  with  CLIA 
regulations  means  your  lab  could 
be  shut  down.  But,  when  you  do 
business  with  Ciba  Corning,  you 
have  the  products,  services  and 
support  you  need  to  keep  your 
Jab  up  and  running. 

Maintenance-free 
electrodes.  Our  200 

^  ■  Series  Blood  Gas 
System  electrodes 
require  no  membrane 
changes.  That  saves  you 
time,  money  and  it's  the 
answer  to  regulatory  re- 
quirements concerning 
major  maintenance. 

Data  management,  simplified,  if 

inspectors  pay  you  a  surprise 
visit,  you'll  have  to  produce 

months 
of  cali- 
bration, 
QC, 
mainte- 
nance 

and  patient  records.  With  our 
Complement "  Critical  Care  Data 
Management  System,  a  simple 
push  of  a  button  gives  you  months 
of  hard  copy  records  in  minutes. 
From  up  to  six  blood 
gas,  electrolyte 


and  CO- 

oximetry 
systems. 

The  power 
of  Proficiency. 

Worned  about 
failing  proficiency? 
By  using  our  Pretest 
program,  you'll  know  in 
advance  if  you're  ready  for 
the  real  test. 


Surviving  the  '90s.  That  s  what 
we've  named  our  QC  Seminars, 
the  most  comprehensive  critical 
care  and  clinical  applications 
symposiums  in  the  industry. 
You'll  learn  how  to  set  up  and 
maintain  a  quality  control  pro- 
gram that  will  stand  up  to  the 
regulations  and  receive  con- 
tinuing education  credit 
as  well. 


W:- 
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A  support 

system  makes  a  big 
difference.  Our  Customer 
Education  Specialists  provide  on- 
site  training  in  pH/blood  gas  test- 
ing, data  management  and  QC. 
Our  Technical  Assistance  Group 
is  waiting  to  answer  any  technical 
question  you  might 
have  about  our        ' 
products. 

If  you'd  like  to 
know  more  about 
how  Ciba  Corning  can  help  you 
deal  with  the  regulations,  ask  us 
for  a  copy  of  the  CLIA  booklet 
we've  prepared.  Before  you  know 
it,  you'll  cut  CLIA  down  to  size. 
Call  us  at  1-800-255-3232  for  your 
free  copy. 


CIBA-CORNING 


Complement'"  is  a  trademark  of  Ciba  Corning  Dragnostics  Corp. 
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new^^ntilator 

can  be  in  two 


places  at  once 


NEONAULKU 


PEDUmHCICU 
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Introducing  the  first  and  only  ventilator  with  the 
flexibility  to  be  in  two  places  at  once:  neonatal  and  pedi 
atric  intensive  care. 

The  Newport  Breeze^"  from 
Newport  Medical. 

It's  the  first  ventilator  that 
lets  you  choose  volume  or  pressure, 
in  a  range  that  works  for  tiny 
neonates  and  older  pediatric 
patients. 

And  its  the  only  ventilator 
with  Intermittent  Spontaneous 
Flow'"  (ISF),  a  revolutionary- 
new  design  advance  that  substan- 
tially lowers  MAP  and  expiratory 
resistance. 


Of  course,  the  Newport  Breeze  has  all  the  standard 
ventilator  features  you'd  expect.  Like  built-in  emergency 
power.  Comprehensive  pressure 
monitoring.  And  more. 

Most  important,  it's  available 
now  from  Newport  Medical. 
Known  for  the  most  reliable  ven- 
tilators in  the  world. 

To  show  you  how  our 
Newport  Breeze  has  the  flexi- 
bility' to  be  in  two  places  at  once, 
call  our  place  today  for  a  free 
demonstration  at  vour  place. 
(800)451-3111  CA  (714)  642-3910 

The  Mark  of 
Excellence  in  Ventilator  Technology. 


NEWPORT  MEDICAL  INSTRUMENTS,  INC. 

300  North  Newport  Blvd.  Newport  Beach,  CA  9266.^  |714|  642-3910  •  FAX  (714)  548-3091  •  TELEX  68-5603 
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Abstracts 


Reviews,  Editorials,  and  Statements  To  Note 

Sudden  Infant  Death  Syndrome  and  Small  Airway  Occlusion: 
Facts  and  a  Hypothesis  (review) — FD  Martinez.  Pediatrics 
1991;87:19(). 

Pulmonary  Function  as  a  Phenotype  Physiologic  Marker  of 
Cardiovascular  Morbidity  and  Mortality  (editorial) — ST  Weiss. 
Chest  1991  ;99:265.  (Pertains  to  Higgins  et  al  paper  abstracted  below.) 

Guidelines  for  Standards  of  Care  for  Patients  with  Acute 
Respiratory  Failure  on  Mechanical  Ventilatory  Support  (special 
article). — Task  Force  on  Guidelines,  Society  of  Critical  Care 
Medicine.  Crit  Care  Med  1991;  19:275. 


Pulmonary  Function  and  Cardio- 
vascular Risk  Factor  Relationships 
in  Black  and  in  White  Young  Men 
and  WomenrThe  CARDIA  Study— 

M  Higgins,  JB  Keller,  LE  Wagen- 
knecht,  MC  Townsend,  et  al.  Chest 
1991;99:315. 

Pulmonary  function  is  known  to  be 
related  inversely  to  incidence  of 
coronary  heart  disease,  congestive 
heart  failure,  chronic  obstructive  lung 
disease,  lung  cancer,  and  death  from 
all  causes.  Reasons  for  some  of  these 
associations  are  poorly  understood. 
Relationships  between  cardiovascular 
disease  risk  factors  and  pulmonary 
function  were  examined  in  5,1 15  18- 
to  30-year-old  black  and  white  male 
and  female  participants  in  the  study 
of  Coronary  Artery  Risk  Develop- 
ment in  Young  Adults  (CARDIA). 
Forced  expiratory  volume  in  1  s 
adjusted  for  height  (FEV|/Ht-)  was 
significantly  lower  in  smokers  than 
nonsmokers  and  in  persons  who 
reported  shortness  of  breath;  FEV,/ 
Ht-  was  correlated  positively  with  a 
history  of  strenuous  physical  activity, 
duration  of  exercise  on  the  treadmill, 
and  high-density  lipoprotein  choles- 


terol. It  was  associated  negatively 
with  skinfold  thicknesses,  serum 
triglycerides,  fasting  serum  insulin, 
and  the  Cook  Medley  scale  of  hos- 
tility. The  association  between  pul- 
monary function  and  heart  disease 
risk  may  reflect  associations  with 
physical  fitness,  vigor,  fatness,  and 
lipid  profiles,  as  well  as  with  cigarette 
smoking. 

Delivery  of  Aerosolized  Medication 
to  Intubated  Babies— KL  Watter- 
berg.  AR  Clark,  HW  Kelly,  S 
Murphy.  Pediatr  Pulmonol  1991; 
10:136. 

We  studied  the  delivery  of  aerosolized 
cromolyn  sodium  to  intubated  babies, 
and  evaluated  the  effect  of  changes 
in  delivery  techniques.  In  addition,  we 
compared  these  results  with  an  in  vitro 
model  of  aerosol  delivery.  Cromolyn 
sodium  was  used  as  a  marker  because 
once  the  drug  is  absorbed,  it  is 
excreted  unchanged,  approximately 
50%  in  urine  and  50%  in  bile.  We 
demonstrated  that,  in  vitro,  a  conven- 
tional, jet-type  nebulizer  aerosolized 
20.5%  of  a  test  do.se  of  cromolyn,  and 
only  5.5%  of  the  dose  was  recovered 


after  passage  through  60  cm  of 
ventilator  tubing  and  an  endotracheal 
tube  adapter.  This  increased  to  44.5% 
nebulized  and  19%  recovered  when 
the  volume  nebulized  was  increased 
from  2  mL  to  5  mL.  A  submicronic 
nebulizer  aerosolized  40%  and  del- 
ivered 33.5%  of  the  test  dose.  A  20 
mg  dose  of  nebulized  cromolyn 
sodium  was  used  as  a  test  dose  in 
infants,  after  which  urine  was  col- 
lected for  4  hours.  Forty-three  urine 
samples  were  collected,  after  the 
delivery  of  cromolyn  test  doses,  from 
nine  babies  (16-128  days  old)  intu- 
bated for  bronchopulmonary  dyspla- 
sia. Both  the  jet  and  submicronic 
nebulizers  were  tested  in  two  posi- 
tions: (1)  in  place  of  the  ventilator 
humidifier,  and  (2)  at  the  endotracheal 
tube  adapter.  There  were  no  statis- 
tically significant  differences  in 
cromolyn  delivery'  for  any  system 
configuration.  In  all  situations,  means 
of  less  than  0. 1  %  of  the  test  dose  were 
recovered  in  the  urine.  We  estimated 
that  in  all  cases.  <  1  %  of  the  test  dose 
(approximately  50-100  \x.g  of  cro- 
molyn) had  been  deposited  in  the 
lung.    These    results    show    that. 
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▲VOLUREX' 

True  volume  displacement  for  consistent 
accuracy  at  any  flow  rate.  Volurex  is 
tfie  only  incentive  spirometer  ttiat  shovj^s 
and  encourages  the  important  sus- 
taining maneuver.  Available  in  Standard 
(DHD  22-2390)  or  Deluxe  with  non- 
rebreathing  valve  (DHD  22-2395). 


ADHD  COACH' 

Coaches  the  patient  in  correct  technique 
with  its  low  flow  inspiratory  guide.  Volu- 
metric incentive  in  a  compact  hand-held 
size  (DHD  22-4000) 


▲DHD  COACH  2500' 

Same  great  features  as  the  DHD  Coach 
but  with  a  2500  ml  capacity.  Provides 
a  greater  response  to  a  patient's  efforts 
(DHD  22-2500) 


COACH  Jr. 

Designed  specifically  for  the 
pediatric  patient.  Colorful  de- 
sign captures  and  holds  the 
youngerpatient's  imagination. 
Volume  range  from  0  to  2000 
ml  s  (DHD  22-2000) 


RESPIREX^ 

The  basic  postoperative  exer- 
ciser. Six  different  exercise 
levels  m  one  simple  design 
(DHD  22-1580) 

< 
RESPIREX  2® 

Features  four  low  flow  levels 
for  ease  of  use.  Minimum  flow 
rate  required  is  only  200  ml/ 
sec.  Float  and  hold  type  indi- 
cator allows  more  accurate 
approximation  of  inspired 
volume  (DHD  22-1000). 


VOLUREX".  COACH-, 
COACH  Jr  •.  and 
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Ifademarks  of  Diemolding 
Corpoiallon 
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Oince  1 976,  DHD  has  been  a  leader  in  incentive  spirometry  by 
giving  you  a  choice  of  spirometers  that  suits  your  needs.  From  the 
premium  Volurex  with  true  volume  displacement  and  breath-hold 
incentive,  to  the  basic  Respirex  and  Respirex  2,  DHD  is  helping  you 
provide  the  finest  respiratory  care  possible. 

For  more  information  on  DHD  incentive  exercisers,  or  on  other 
DHD  products,  call  us  on  our  toll  free  customer  service  number 
(800)  847-8000 
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ABSTRACTS 


although  the  submicronic  nebulizer 
aerosolized  cromolyn  more  effi- 
ciently, no  additional  cromolyn  could 
be  detected  in  infants.  We  speculate 
that  a  significant  portion  of  the 
smaller  particles  are  exhaled. 


Morphometric  Analysis  of  the  Lung 
in  Bronchopulmonary  Dysplasia — 

LR  Margraf,  JF  Tomashefski,  MC 
Bruce,  BB  Dahms.  Am  Rev  Respir 
Dis  1991;143:39I. 

We  studied  lung  development  in 
children  with  or  without  bronchopul- 
monary dysplasia  (BPD)  using  light 
microscopic  morphometry  and  thick 
lung  sections  stained  for  elastic  fibers. 
One  lung  was  obtained  at  autopsy 
from  each  of  eight  patients  with  BPD 
(ages  2  to  28  months)  and  six  children 
(ages  5  days  to  51  months)  who  died 
without  lung  disease.  Patients  with 
BPD  demonstrated  severe  somatic 
growth  retardation  and  had  reduced 
lung  volumes  with  abnormal  lobar 
volume  proportions.  In  the  central 
bronchi  mean  volume  proportion  of 
glands  and  smooth  muscle  was 
increased  in  BPD.  Bronchiolar  den- 
sity was  also  increased,  but  it  tended 
to  normalize  with  advancing  age. 
Mean  bronchiolar  diameter  was 
slightly  smaller  in  BPD,  and  bron- 
chiolar smooth  muscle  hypertrophy 
was  a  constant  histologic  feature.  The 
most  striking  change,  however,  was 
noted  in  alveolar  structure  and 
development.  Total  alveolar  number 
was  severely  decreased  in  patients 
with  BPD  compared  with  that  in 
control  subjects,  and  there  was  little 
evidence  of  compensatory  alveolar 
development  with  increasing  age. 
Lung  internal  surface  area  was 
correspondingly  reduced,  and  mean 
linear  intercept  was  increased.  Sec- 
tions stained  for  elastic  tissue  dem- 
onstrated in  the  patients  with  BPD  a 
simplified  acinar  structure  with 
thickened,  tortuous,  and  irregularly 
distributed  alveolar  elastic  fibers.  We 
conclude  that  in  severe,  fatal  BPD 


there  is  marked  impairment  of  lung 
development  with  alveolar  hypoplasia 
and  reduced  internal  surface  area.  In 
addition,  bronchial  and  bronchiolar 
smooth  muscle  hypertrophy  and 
bronchial  gland  hyperplasia  may  be 
important  contributing  factors  to 
airflow  limitation. 


Upper  Respiratory  Tract  Infections 
in  Young  Children:  Duration  of  and 
Frequency  of  Complications — ER 

Wald,  N  Guerra,  C  Byers.  Pediatrics 
1991:87:129. 

This  study  was  performed  to  deter- 
mine the  usual  duration  of 
community-acquired  viral  upper 
respiratory  tract  infections  and  the 
incidence  of  complications  (otitis 
media/sinusitis)  of  these  respiratory 
tract  infections  in  infancy  and  early 
childhood.  Children  in  various  forms 
of  child-care  arrangements  (home 
care,  group  care,  and  day  care)  were 
enrolled  at  birth  and  observed  for  3 
years.  Families  were  telephoned 
every  2  weeks  to  record  on  a  stand- 
ardized form  the  type  and  severity  of 
illnesses  experienced  during  the 
previous  interval.  Only  children 
remaining  in  their  original  child-care 
group  for  the  entire  study  period  were 
compared.  The  mean  duration  of  an 
upper  respiratory  tract  infection 
varied  between  6.6  days  (for  I-  to 
2-year-old  children  in  home  care)  and 
8.9  days  (for  children  younger  than 

1  year  in  day  care).  The  percentage 
of  apparently  simple  upper  respiratory 
tract  infections  that  lasted  more  than 
15  days  ranged  from  6.5%  (for  1-  to 
3-year-old  children  in  home  care)  to 
13.1%  (for  2-  to  3-year-old  children 
in  day  care).  Children  in  day  care  were 
more  likely  than  children  in  home  care 
to  have  protracted  respiratory  symp- 
toms. Of  2,741  respiratory  tract 
infections  recorded  for  the  3-year 
period,  801  (29.2%)  were  compli- 
cated by  otitis  media.  During  the  first 

2  years  of  life,  children  in  any  type 
of  day  care  were  more  likely  than 


children  in  home  care  to  have  otitis 
media  as  a  complication  of  upper 
respiratory  tract  infection.  In  Year  3, 
the  risk  of  otitis  media  was  similar 
in  all  types  of  child  care. 

Pulse  Oximetry  versus  Measured 
Arterial  Oxygen  Saturation:  A 
Comparison  of  the  Nellcor  NlOO 
and  the  Biox  III — P  Lebecque,  P 
Shango,  M  Stijns,  A  Vliers,  AL 
Coates.  Pediatr  Pulmonol  1991; 
10:132. 

Pulse  oximetry  is  noninvasive,  fast, 
and  simple,  making  it  a  very  popular 
way  of  assessing  oxygenation  in 
pediatric  patients.  However,  there  are 
few  studies  that  establish  the  accuracy 
of  this  technology  over  a  wide  range 
of  oxygen  saturations  in  children. 
This  study,  done  in  47  children  aged 
from  1  day  to  16  years  with  congenital 
heart  disease  and  undergoing  cardiac 
catheterization,  compared  the  direct 
measurement  of  arterial  oxygen 
saturation  to  values  from  pulse 
oximetry.  Oxygen  saturation  was 
measured  by  an  IL-282  CO-Oximeter, 
which  also  measured  carboxyhemo- 
globin  and  methemoglobin,  and  was 
compared  to  values  obtained  from 
both  a  Biox  III  and  Nellcor  NlOO. 
Both  pulse  oximeters  gave  values  that 
closely  correlated  with  the  actual 
saturation  (r  =  0.91  and  0.93,  respec- 
tively) with  standard  errors  of  the 
estimate  of  4.1  and  3.2%,  respec- 
tively. For  both  devices,  the  error 
increased  with  decreasing  saturations, 
being  progressively  larger  below  a 
saturation  of  80%.  The  difference 
between  the  actual  saturation  and  that 
measured  by  pulse  oximetry  bore  no 
relationship  to  the  presence  of 
carboxyhemoglobin,  methemoglobin, 
fetal  hemoglobin,  bilirubin,  cardiac 
index,  or  age  of  the  patient.  In  con- 
clusion, pulse  oximetry,  while  a  very 
useful  technology  in  pediatrics,  must 
be  interpreted  with  some  caution  in 
children  with  severe  cyanosis. 
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Nothiug  says  more  about  the  qiialihj  of  a  company  - — 

its  products,  services,  and  people  —  than  the  longevity  of  its 

customer  relatio)iships.  In  our  13  years  in  the  cardiopulmonary 

market,  Medical  Graphics  Corporation  lias  established  an  enviable 

record  of  customer  loyalty  - — -  ranging  from  the  small  clinic  and 

physician's  office,  to  large  research  hospitals,  and  even  to  NASA, 

who  will  be  relying  on  MedGraphics  quality  during  many  of  its 

Space  Shuttle  missions. 


When 
Quality 
is  the 
Question ... 


Med 


Over  the  years,  ive  have  -worked  closely  with 
our  customers  to  define  the  standards  of 
quality.  First  and  foremost,  our  systems 
answer  the  need  for  accuracy.  Reliability, 
expandability,  ease  of  use,  and  cost- 
effectiveness  are  also  hallmarks  of  the 
MedGraphics  name.  These  standards  have 
guided  the  development  of  the  MedGraphics 
Pulmonary  Function  Testing  System  1070 
and  the  Body  Plethysmography  System  1085 
(shoivn  here)  which  have  come  to  be  regarded 
worldwide  as  simply  the  best.      Now,  we  are 
pleased  to  announce  that  both  of  these 
systems  are  available  with  our  /leir 
generation  of  easier-than-ever-to-use  software 
—  BREEZE '".  m  Also  new  — 
our  Body  Plethysmography  System  1085D  features  complete  lung  function 
capabilities  including  diffusing  capacitx/  measurement. 


The  netv  MedGraphics  BREEZE  diagnostic  software, 
with  its  colorfid  icons,  makes  testing  a  breeze! 
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complications  arising  from  inappropriate 

nutrition.  In  the  ICU,  the  MedGraphics  CCM 

assesses  nutrition  and  the  mechanics  of 

breathing  to  dramatically  decrease  ventilator 

dependence  and  significantly  improve  patient 

outcome.       Even  neonates  weighing  as  little 

as  500  gratns  can  be  accurately  evaluated  for  veniduioty,  metabolic  and  cardiac  function, 
including  cardiac  output,  with  the  MedGrapihics  Pediatric  CARE'"'  System  (shown  here). 
Optimal  feeding  and  ventilator  management,  made  possible  by  MedGraphics' 
exclusive  breath-by-breath  gas  exchange  technology,  can  play 
an  important  role  in  increasing  an  infant's  chances  for 
sunm'al  and  improving  its  long-term  quality  of  life. 


Graphics. 


is  the 
Answer. 


The  development  of  MedGraphics'  patented 
breath-by-breath  measurement  technology 
has  advanced  excercise  testing  as  a  major 
diagnostic  tool.  Along  with  pulmonary  and 
cardiac  specialists,  a  grozving  number  of 
internists  and  other  medical  professionals 
are  usitig  the  MedGraphics  CPX 
Cardiopulmotiary  Exercise  System  to 
accurately  diagnose  the  cause  of  shortness  of 
breath  and  better  evaluate  the  effectiveness 
of  therapy.  No  other  exercise  system  gives  a 
more  precise  determination  of  maximal 
oxygen  uptake  and  anaerobic  threshold. 
Medical  Graphics  Corporation  continues  to 
lead  the  field  in  deiieloping  innovative  solutions  to  meet  the 
ever-changing,  practical  and  technical  needs  of  the  clinician. 
Our  revolutionary  new  MedGraphics  pneumotach  — 
weighing  less  than  an  ounce  — 
is  a  major  advance  in  patient  comfort. 
Unsurpassed  in  accuracy,  yet  completely 
disposable,  it  is  the  first  in  a  series  of  MedGraphics  products 
designed  toguarajitee  complete  infection  control. 


Call  us  for  more 
information  on  the 
complete  line  of 
MedGraphics  products, 
services  and  accredited 
educational  programs  — 
1-800-950-5597. 
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Medical  Graphics  Corporation 
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Shctuld  You  Cancel  the  Operation 
When  a  Child  Has  an  Upper  Res- 
piratory  Tract    Infection? — MM 

Cohen,  CB  Cameron.  Anesth  Analg 
1991;72:282. 

Cancelling  an  operation  when  a  child 
has  an  upper  respiratory  tract  infec- 
tion (URI)  is  not  always  feasible  or 
practical.   Yet   we  know  very   little 
about  the  additional  risk  posed  by  a 
URI  occurring  in  a  child  undergoing 
anesthesia  and  surgery.  Using  a  large 
prospectively    collected   pediatric 
anesthesia  database,  we  studied  1,283 
children  with  a  preoperative  URI  and 
20,876  children  without  a  URI.  We 
found  that  children  with  a  URI  were 
two  to  seven  times  more  likely  to 
experience    respiratory-related   ad- 
verse events  during  the  intraoperative, 
recovery    room,    and    postoperative 
phases  of  their  operative  experience. 
Although  these  children  also  expe- 
rienced   significant    disruptions    in 
temperature  regulation,  they  were  not 
at   risk    for   any    other   deleterious 
events.  The  elevation  in  risk  after  URI 
as  compared  with  children  without  a 
URI  was  not  explained  by  differences 
in  age,  physical  status  scores,  surgical 
site,  and  emergency  or  elective  status. 
However,  if  a  child  had  a  URI  and 
had  endotracheal  anesthesia,  the  risk 
of    a    respiratory     complication 
increased    11 -fold  (95%   confidence 
intervals  6.8,  18.1).  We  conclude  that 
the  administration  of  general  anesthe- 
sia to  children   with  a  URI   is  not 
benign  and  that  these  children  require 
more  observation/management  in  all 
perioperative  phases  of  their  surgical 
procedure. 

Bronchopulmonary  Dysplasia: 
Improvement  in  Lung  Function 
between  7  and  10  Years  of  Age — 

M  Blayney,  E  Kerem,  H  Wt.vte, 
H  O'Brodovich.  J  Pediatr  \9'>': 
118:201. 

To  evaluate  the  natural  history  of 
bronchopulmonary  dysplasia,  we 
studied  the  same  32  patients  at  a  mean 


age  of  7  and  10  years.  The  group  as 
a  whole  had  normal  height  and  weight 
percentiles,  and  each  child  grew  along 
his  or  her  established  somatic  growth 
curve.  Although  some  children  had 
abnormal   values,   the   group   main- 
tained   a   normal    mean    total    lung 
capacity    and    functional    residual 
capacity.  The  mean  residual  volume 
and   the  residual   volume/total   lung 
capacity  ratios  were  elevated  at  both 
ages.  At  age  7  years  the  19  patients 
(59%)  who  had  a  forced  expiratory 
volume  in  1  second  (FEV,)  of  <  80% 
had  "catch  up"  improvement  by  10 
years  of  age  (65  ±  1 1%  to  72  ±  16% 
of  predicted  value;  p  <  0.05).  All  the 
children  who  had  a  normal  FEV,  at 
7  years  of  age  continued  to  have  a 
normal  FEV,  at  age  10  years.  Resting 
single-breath    carbon    monoxide 
uptake  by  the  lung  was  normal  when 
measured   at    age    10    years.    The 
majority  of  patients  had  a  positive 
methacholine  challenge  test  result  at 
both  ages,  although  there  was  a  low 
incidence    of  clinically    diagnosed 
asthma.  This  study  demonstrates  that 
patients    with    bronchopulmonary 
dysplasia    who   have    normal    lung 
function  at  age  7  have  had  normal 
lung    growth    and    that   those    with 
evidence  of  mild  to  moderate  lung 
disease  have  continued  lung  growth 
or  repair,  or  both,  during  their  school 
years. 

Measurement  of  Respiratory  Sys- 
tem Resistance  by  Forced  Oscilla- 
tion in  Normal  Children:  A  Com- 
parison with  Spirometric  Values — 

P  Lebecque,  K  Desmond,  Y  Swar- 
tebroeckx,  P  Dubois,  J  Lulling,  A 
Coates.  Pediatr  Pulmonol  1991: 
10:117. 

in  377  children,  the  commercially 
available  Siregnost  FD-5  was  used  to 
measure  respiratory  system  resistance 
(Rrs)  by  forced  oscillation  at  10  Hz. 
Hie  children  were  between  3  and  18 
years  of  age  and,  by  a  detailed 
questionnaire  ;ind  conventional  pulmo- 


nary function  testing  in  335,  they  were 
shown  to  be  representative  of  the 
nomial  pediatric  population.  There  was 
a  linear  relationship  between  Rrs  and 
height  (Rrs=  13.9-0.064xht(cm), 
r  =  -0.87).  Children  less  than  6  years 
of  age  had  no  trouble  with  using  the 
forced  oscillation  technique.  The 
smoking  of  tobacco  in  the  house,  the 
presence  of  carpets  in  the  child's 
bedroom,  or  an  atopic  family  history, 
alone  or  in  combination,  had  no 
influence  on  Rrs  or  on  any  spirometric 
measure.  Forced  oscillation  is  useful  in 
children  too  young  to  be  able  to 
cooperate  with  conventional  pulmonary 
function  testing. 

Closure  of  the  Ductus  Arteriosus 
with  Indomethacin  in  Ventilated 
Neonates  with  Respiratory  Distress 
Syndrome:  Effects  on  Pulmonary 
Compliance  and  Ventilation — JL 
Stefano,  S  Abbasi,  SA  Peariman,  ML 
Spear,  KL  Esteriy,  VK  Bhutani.  Am 
Rev  RespirDis  1991;143:236. 

The  reported  effects  of  indomethacin 
on  pulmonary  compliance  are  vari- 
able depending  upon  the  patient 
population  and  on  the  degree  to  which 
indomethacin  resulted  in  successful 
ductal  closure.  Eleven  fluid- 
restricted,  furosemide-treated  prema- 
ture infants  being  mechanically 
ventilated  for  respiratory  distress 
syndrome  (RDS)  who  also  had  a 
significant  patent  ductus  arteriosus 
(PDA)  had  pulmonary  function  test- 
ing performed  before  and  after 
successful  closure  of  the  PDA.  The 
diagnosis  of  a  significant  PDA  was 
made  by  clinical  and  echocardiogra- 
phic  criteria.  Indomethacin  was 
administered  at  a  dosage  of  0.2 
mg- kg -dose'  every  12  to  18  h  for 
1  to  3  doses.  To  control  for  the  48- 
h  time  interval  to  achieve  ductal 
closure,  nine  premature  infants  being 
ventilated  for  RDS  but  who  did  not 
have  a  significant  PDA  also  had 
pulmonary  function  evaluations  per- 
fomied  before  and  after  the  48  h.  Also, 
to  control  for  the  independent  effect 
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PEAK  FLOW 
METER 

Introducing  ASSESS  Low  Range 
for  children  and  patients 
with  limited  or  severely  restricted 
expiratory  flow  rates 


ASSESS  Low  Range  offers  the  same  standards  of 
excellence  as  our  ASSESS  peak  flow  meter: 

■  Reproducible  to  ±  3  liters  per  minute* 

■  Proven  accuracy i^  -highly  correlated  to  ATS 
standards  of  spirometry* 

■  Easy  to  use 

■  Virtually  indestructible 

■  Unconditional  one-year  warranty 

*  Meets  National  Asthma  Education  Program  Technical  Requirements 
for  Peak  Flow  Meters.  January,  1991 

tShapiroS,  Hendler  J,  Ogirala  R.  Aldnch  X  Shapiro  MB:  An  evaluation 
of  the  accuracy  of  Assess  and  Mini-Wright  peak  flow  meters. 
C/iest  99.358-362.  1991 
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of  fluid  restriction  and  diuretic 
therapy  on  pulmonary  compliance, 
eight  such  premature  infants  with  a 
PDA  had  pulmonary  function  evalua- 
tions performed  at  a  48-h  interval. 
Successful  closure  of  the  ductus  with 
indomethacin  was  associated  with  an 
improvement  in  compliance  and 
ventilation  parameters  in  all  infants 
in  the  indomethacin-treated  infants.  In 
the  indomethacin-treated  group,  the 
mean  percent  improvements  were 
noted  in  the  following  parameters: 
CLd,„,  59.2%;  CL,.  78.3%;  CLg, 
63.3%;  Vj.  63.3%;  \fe,  54.6%.  There 
were  no  significant  changes  in  the 
pulmonary  functions  in  the  48-h  RDS 
or  the  48-h  PDA  tluid-restricted, 
furosemide-treated  control  groups.  In 
conclusion,  successful  closure  of  the 
ductus  with  indomethacin  causes  a 
significant  improvement  in  com- 
pliance and  ventilation  parameters  in 
infants  being  mechanically  ventilated 
for  RDS. 


Reliability  of  the  Bronchoscopic 
Protected  Catheter  Brush  in  the 
Diagnosis  of  Pneumonia  in 
Mechanically  Ventilated  Patients — 

FR  De  Castro,  JS  Violan,  BL  Capuz, 
JC  Luna,  BG  Rodriguez,  JLM 
Alonso.  Crit  Care  Med  1 99 1 ;  1 9;  1 7 1 . 

OBJECTIVE:  To  assess  the  useful- 
ness of  the  telescoping  plugged 
catheter  in  the  diagnosis  of  nosocom- 
ial pneumonia.  DESIGN:  Prospective 
study.  PATIENTS:  A  total  of  103 
ventilated  patients  with  suspected 
pneumonia  were  prospectively  stu- 
died over  20  months.  RESULTS:  The 
quantitative  cultures  of  the  protected 
brush  specimen  detected  pulmonary 
bacterial  infection  (^  10'  cfu/mL)  in 
49  (47.5%)  patients.  Subsequent 
follow-up  confirmed  pneumonia  in  4 1 
patients;  in  only  one  patient  was  a 
positive  protected  brush  specimen 
culture  established  as  a  false-positive 
result.  There  were  54  patients  with 
<  10'  cfu/mL  and  the  diagnosis  was 
excluded  in  36  of  them.  We  identified 


eight  patients  with  false-negative 
protected  brush  specimen  cultures. 
The  results  obtained  by  this  technique 
allowed  us  to  modify  treatment  in  49 
(47.5%)  patients.  CONCLUSIONS: 
The  telescoping  plugged  catheter 
demonstrated  significant  bacterial 
infection  in  a  relatively  small  propor- 
tion of  patients  in  whom  bacterial  lung 
infection  was  suspected.  This  tech- 
nique can  be  safely  performed  and 
is  a  sensitive  and  specific  method  to 
establish  the  cause  of  pneumonia,  thus 
allowing  specific  treatment  and  the 
avoidance  of  inappropriate  antibiotic 
therapy. 


Sleep  Apnea  and  Hypoxemia  in 
Recently  Weaned  Premature 
Infants  with  and  without  Broncho- 
pulmonary Dysplasia — KC  Sekar, 
JC  Duke.  Pediatr  Pulmonol  1991; 
10:112. 

Infants  with  bronchopulmonary  dys- 
plasia (BPD)  experience  significant 
hypoxemia.  Apnea  indices  and  oxy- 
gen saturation  levels  of  ten  infants 
with  BPD  were  compared  to  ten 
healthy  premature  infants  who  were 
evaluated  to  rule  out  apnea  or  bra- 
dycardia prior  to  discharge  from  the 
hospital.  Infants  with  BPD  who  had 
been  recently  (<  7  days)  weaned  from 
supplemental  oxygen  were  evaluated 
on  and  off  supplemental  oxygen. 
Premature  controls  had  never 
received  oxygen  nor  ventilation 
assistance.  Infants  with  BPD  were 
bom  significantly  more  prematurely 
(28.1  ±1.0  vs  33.0±3.9  weeks; 
p  =  0.0012)  while  chronologic  ages 
at  the  time  of  evaluation,  adjusted  for 
prematurity,  were  equal  (37.1  ±3.1 
vs  38.0  ±  2.7  weeks).  Comparisons  of 
apnea  densities  (expressed  as  percent 
of  sleep  time)  between  BPD  and  non- 
BPD  prematures  revealed  the  follow- 
ing: neither  the  average  obstructive 
apnea  (0.15  ±0.36  vs  0.14  ±0.31) 
nor  periodic  breathing  densities 
(6.0  ±  8.56  vs  10.2  ±5.84)  were 
different.    Infants    with    BPD   expe- 


rienced significantly  more  central 
apnea  (0.62  ±  0.34  vs  0.16  ±0.11; 
p  =  0.003)  than  did  non-BPD 
prematures.  Average  oxygen  satura- 
tion levels  were  significantly  less 
among  BPD  vs  non-BPD  prematures 
(90.0  ±10.18%  vs  95.7  ±4.33%; 
p  =  0.033).  When  supplemented  with 
oxygen,  BPD  prematures  had  signif- 
icantly higher  saturation  (x  =  94.5%) 
than  when  breathing  room  air 
(X  =  90.0%).  Both  central  apnea  and 
periodic  breathing  densities  declined 
significantly  with  this  improvement 
in  saturation  (0.64  vs  0.04%  and  6.0 
vs  1.4%,  respectively).  These  data 
suggest  that  saturation  status  may 
indicate  central  respiratory  stability  in 
chronic  lung  disease. 

Influence  of  Noninvasive  Positive 
Pressure  Ventilation  on  Inspiratory 
Muscles — RS  Goldstein,  JA  De 
Rosie,  MA  Avendano,  TE  Dolmage. 
Chest  1991:99:408. 

Intermittent  positive  pressure  venti- 
lation reduces  inspiratory  muscle 
electromyographic  activity  among 
patients  with  restrictive  ventilatory 
failure.  It  has  therefore  been  sug- 
gested that  the  reduction  of  energy 
expenditure  at  night  could  result  in 
improved  inspiratory  muscle  function 
during  the  day.  Reported  successes 
with  nocturnal  ventilation  have  not 
included  measurements  of  inspiratory 
muscle  endurance.  We  therefore 
electively  ventilated  six  (five  female, 
one  male)  patients  (mean  ±  SD)  aged 
36  ±  13  years  in  whom  respiratory 
failure  (room  air  Paco-.'  60  ±  13  torr; 
Pao,.  44  ±  1 1  torr:  Sao,.  75  ±  12%) 
was  consequent  on  restrictive  venti- 
latory disease  (vital  capacity, 
25  ±7%  predicted;  FEV|/FVC, 
81  ±  12%;  total  lung  capacity, 
40  ±  5%  predicted;  MIPrv  -42  ±  10 
cm  H,0;  MEP,  81  ±28  cm  H_,0). 
Positive  pressure  ventilation  was 
administered  with  a  customized 
closely  fitting  nasal  mask  attached  to 
a  volume-cycled  pressure-limited 
ventilator.  Full  respiratory  polysom- 
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i;  ExDSurf  NEQNAmr 


(Colfosceril  Palmitate,  Cetyl  Alcohol, 

lYloxapoI)  For  Intratracheal  Suspension 


Controlled  clinical  trials  with  EXOSURF  Neonatal  showed  "dramatic  reductions"  in 
morbidity  and  mortality  of  infants  with  RDS.  Subsequent  use  under  a  year-long 
Treatment  IND  confirmed  its  efficacy  and  impressive  safety  profile.  Since  release  for 
marketing  in  August  1990,  widespread  use  in  hospitals  across  the  United  States  has 
further  established  its  value  in  the  treatment  of  RDS.  The  weight  of  clinical  experience 
is  in  favor  of  EXOSURF  Neonatal. 

Dramatic  reductions  in  neonatal  morbidity  and  mortality  reported  in 
clinical  trials 

Improvement  in  clinical  outcome  after  EXOSURF  Neonatal  has  been  significant  in 
infants  at  risk  of  developing  RDS  as  well  as  those  with  established  RDS.  Prophylactic 
as  well  as  rescue  treatment  with  EXOSURF  Neonatal  has  dramatically  reduced 
morbidity  and  mortality  in  infants  weighing  greater  than  700  grams. 

SIGNIFICANT  Prophylactic  treatment  Rescue  treatment    

REDUCTIONS  IN  ^  ^      „    V^ 

nVFRAT  I   MORTAT  TTV  One  vs  Two  Dose" 

CDniwr^ArvrnTTcnTM  Single  Dose-  Three  Doses'  Two  Dose'  1250  grams 

ri,r^^TV^f-,-,irv»,J^  700-1100  grams      700-1100  grams     700-1350  grams         and  above 

MIDDLE-SIZE  AND  Age  (N=446)  (N=716)  (N=419)  (N=1232) 

LARGE  INFANTS  — '^ '^ ' ' 

(Percent  reductions  <  10  Days  —  —  59%*  35% 

with  EXOSURF)  ^28  Days  40%*  44%'  52%*  39%" 

<lYear  44%'  41  %•  46%*  31% 


■P=0  022  'P=0.002.  'P<0  05-  'P<0.001  'P^O  039  N=Number  of  infants  enrolled  in  ifie  clinical  tnals 


A  single  prophylactic  dose  of  EXOSURF  Neonatal  reduced  1-year  mortality  by  44%. 
Two  additional  prophylactic  doses  provided  an  additional  41%  reduction  in  1-year 

Y-        SIGNIFICANT  Prophylactic  treatment  Rescue  treatment 

REDUCTIONS 


IN  MORTALITY 


Two  Dose' 


r.,J;^.!^,-,4J^  n»„^  700-1100  grams  700-1350  grams  and  above 
MIDDLE-SIZE  AND  (N=446)  (N=419)  (N=1232) 
LARGE  INFANTS'-'  


(Percent  reductions                    Reduction  in                      58%*                          66%'  63%' 

with  EXOSURF) death  from  RDS 


•P=0.01 1 .  'P=0.007.  'P=0,009  N=Number  ot  infants  enrolled  in  the  clinical  trials. 


SIGNIFICANT  REDUCTION 
IN  CARDIOPULMONARY 
DESTRUCTION  TO  DAY  28 
FOLLOWING  TWO-DOSE 
RESCUE  TREATMENT-^ 

(Percent  reductions 
with  EXOSURF) 


Birth  weight 

7004350" 
(N=419) 


1250  and  above'^ 
(N=  1232) 


Reduction  in  death  at  28  days 
or  survival  with  broncho- 
pulmonary dysplasia  (BPD) 

34%* 


43%* 


■p=0.002.  N=Nuniber  of  infants  enrolled  in  the  clinical  trials. 


Rapid  onset  of  action  documented  in  rescue  use' 

Improvements  in  mean  FiOj  and  mean  alveolar- arterial  PO^  (A-a)  gradient  were 
present  by  2  hours  after  dosing  in  middle-size  babies  (700-1350  grams). 
Improvements  in  mean  airway  pressures  began  sometime  between  2  and  6  hours 
in  middle-size  babies.  These  improvements  persisted  for  at  least  7  days. 
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btticacy  and  impressive  saiety  profile  oi  cAUbUKr   iMeonatal 
confirmed  in  continued  widespread  tise^ 

In  North  American  controlled  clinical  trials,  more  than  2600  premature  infants 
received  EXOSURF  Neonatal.  Under  the  year-long  Treatment  IND,  over  11,400  infants 
received  EXOSURF  Neonatal.  In  the  six  months  following  its  release  for  marketing, 
EXOSURF  Neonatal  has  been  given  to  10,000  infants  in  more  than  750  hospitals. 

There  are  no  known  infectious  or  immunologic  risks  associated  with 
EXOSURF  Neonatal  use.  In  controlled  clinical  trials,  adverse  events  were  comparable 
to  those  of  placebo,  with  the  exception  of  apnea  and  pulmonary  bleeding. 
Infants  receiving  EXOSURF  Neonatal  required  less  ventilatory  support,  possibly 
contributing  to  an  increased  incidence  of  apnea.  Pulmonary  bleeding  occurred  in  1% 
of  control  infants  and  2%  of  treated  infants  in  controlled  trials.  In  the  treatment  IND, 
pulnnonary  bleeding  was  reported  in  4%  and  mucous  plugging  at  a  rate  of  3/1000. 
Pulmonary  bleeding  appears  to  be  preventable  with  early  diagnosis  and  appropriate 
treatment  of  patent  ductus  arteriosus. 

One-year  follow-iip  evaluated  developmental  outcomes' 

Double-blind  1-year  follow-up  of  more  than  1450  infants  enrolled  in  randomized 
trials  showed  that  mental  and  motor  scores  appeared  to  be  higher  in  tiny  infants 
(<750  grams)  as  well  as  middle-size  infants  (750-1249  grams)  who  received  Exosurf 
Neonatal. 

Economic  data  analysis  showed  cost  savings^ '° 

Three  separate  studies  evaluated  the  economic  impact  of  a  single  prophylactic 
dose  of  EXOSURF  Neonatal,  two-dose  rescue  treatment  in  700-  to  1350-gram 
infants,  and  two-dose  rescue  treatment  during  the  neonatal  period  in  infants 
weighing  over  1350  grams.  Results  indicate  that  both  prophylactic  treatment  and 
rescue  treatment  are  cost-effective.  Mean  hospital  charges  were  $6451  less  for  large 
infants  receiving  two-dose  rescue  treatment  versus  air  in  the  first  28  days  of  life. '° 

As  easy  to  use  as  it  is  effective 

•  Easy  to  store  and  use  EXOSURF  Neonatal  may  be  stored  at  room  temperature. 
Reconstituted  suspension  may  be  maintained  refrigerated  or  at  room  temperature 
for  up  to  12  hours.  Key  items  needed  for  administration  are  supplied  in  one  kit. 

•  Easy  to  administer  Each  EXOSURF  Neonatal  dose  is  administered  in  two 
2.5-mLykg  half-doses  without  interrupting  mechanical  ventilation. 

•  Easy  on  infant  To  assist  the  distribution  of  EXOSURF  Neonatal 

in  the  lungs,  the  infant  is  simply  turned  from  midline  position  to  the 
right  after  the  first  half-dose,  and  from  midline  position 
to  the  left  after  the  second  half-dose. 

References:  1.  Bose  C.  Corbet  A,  EBose  G,  et  ai.  Improved  outcome  at  28  days  of  age  for  very  low  birth  weight  infants  treated  writh  a  single 
dose  of  a  synltielK;  surfactant  J  Pedraf/  1990.117  947  953  2.  Corbet  A,  Bucciarelli  R.  Goldman  S.  et  al  [decreased  morfality  in  small 
premature  infants  treated  at  birth  with  a  single  dose  of  synthetic  surfactant  a  multi-cenfer  controlled  tnal  J  Pediatr   1991 .1 18:277-284 
3.  Gerdes  J.  C<x)k  I .  BeaurrxKit  E,  Corbet  A.  Long  W  Amencan  EXOSURF  Pediatnc  Groups  I  and  II  Effects  of  three  vs  one  prophylactic 
doses  of  EXOSURf  Neonatal  in  700-  to  1 100-gram  neonates  Pec/iafr  ties   1991,29(no  4,  pt  ?)  214A  Abstract  4.  Long  W.  Thompson  T. 
Surxidl  LI.  et  aj  Etftjcts  of  two  rescue  doses  of  a  synthetic  surfactant  on  rrrortality  rate  and  survival  without  broncfKipulmonarv  dysplasia  in 
700-  to  1350-grani  infants  with  respiratory  distress  syndrome  J  Pediatr   1991:1 18:595  605  5.  US  and  Canadian  EXOSURF  Pediatnc 
Study  Groups- Effects  of  Iwo  rescue  doses  of  EXOSURF' Pediatnc  in  1S32  infants  >1250grams  Pediatr  Res    1990;27(no  4,  pt  2):320A 
Abstract.  6.  Data  rxi  file.  Burroughs  Welltxime  Co  .f991   7.  Walter  D.  McGuinness  G.  E3ose  C.  et  al  Double  blind  one-year  follow-up  in 
1450  Infants  r.-lndomi/ed  to  I  XOSURI  *  Nryin.it.-il  or  ,iit  Poduilr  Rer.    imsi  ,?9(no  4.  pt  2):?70A.  Abstract  8.  Sell  M.  Cortxjl  A.  Gong  A. 
etal.  EcononiK  imp.*:!  <>t  .i  jrHikMirophyl.!.  In  .ln-jr,l  1  XOSIIHI  "  Nixmatal  in  700  to  1 100  gram  infants.  Pediatr  fles   ig91.29(no  4. 
pt2).265A  Alii.lr.ic  t   9.  (Vl.unini,-ltVI.  MiiUitl  IVI,  I)..t1ii11i  Ij.  .;!  .il  L  ujiiomr.  impact  ol  two  roscue  doses  Of  EXOSURF*  Neonatal  in  700  1350 
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EXOSURF  Neonatar 

(C0LF0SCERILPALIV1ITATE,CETYLALC0H0L,TYL0XAP0L) 
For  Intratracheal  Suspension/ 10  mL  vials 

PLEASE  CONSULT  FULL  PRODUCT  INFORMATION  BEFORE  PRESCRIBING. 
INDICATIONS  AND  USAGE:  Exosurl  Neonatal  is  mdicaled  lor 

1  Prophylactic  ireatmeni  ol  infants  wiih  Dirih  weights  ol  less  than  1350  grams  who  are  at  risk  ot  developing 
ROS  (see  PRECAUTIONS) 

2  ^phylactic  treatment  ot  infants  with  Dirlh  weights  greater  than  1350  grams  who  have  evidence  ol  pulmonary 
immaiunly.  and 

3  Rescue  treatment  ot  intanis  who  have  developed  RDS 

CONTRAINDICATIONS:  There  are  no  known  conlraindicalions  to  treatment  with  Exosurt  Neonatal 
WARNINGS:  Intratracheal  Administration  Only:  Exosurl  Neonatal  should  be  administered  only  by  instillation  in- 
to the  trachea  General  The  use  ot  Exosurl  Neonalal  requires  experl  clinical  care  Dy  experienced  neonalologists 
and  other  citmcians  who  are  accomplished  at  neonatal  intubation  and  ventilatory  managemeni  Adequate  per- 
sonnel tacilities  equipment  and  medications  are  required  to  optimize  perinatal  oulcome  in  premature  inlanis 
Instillation  ot  Exosurl  Neonatal  should  be  performed  only  by  trained  medical  personnel  experienced  in  airway 
and  clinical  management  ol  unstable  premature  intants  Vigilant  clinical  attention  should  be  given  lo  all  mlanls 
prior  to  during  and  after  administration  o(  Exosurl  Neonatal  Acute  Ettects:  Exosurl  Neonalal  can  rapidly  alfect 
oxygenation  and  lung  compliance  Lung  Compliance  it  chest  expansion  improves  substantially  after  dosing 
peak  ventilator  inspiratory  pressures  should  be  reduced  immedialely  without  waiting  lor  confirmation  ot  respiratory 
improvement  by  blood  gas  assessment  Failure  lo  reduce  inspiratory  ventilatof  pressures  rapidly  in  such  instances 
can  result  in  lung  overdislention  and  fatal  pulmonary  air  leak  Hyperoxia:  It  the  mtanl  becomes  pink  and 
transcutaneous  oxygen  saturation  is  m  excess  of  95%  FiO,  should  be  reduced  m  small  but  repeated  steps  ( until 
saturation  is  90  to  95% )  without  waiting  lor  confirmation  ol  elevated  arterial  pOj  by  blood  gas  assessment  Fail- 
ure to  reduce  FiO,  m  such  instances  can  result  in  hyperoxia  Hypocarbia:  M  arlenal  or  transcutaneous  COj 
measurements  are  <30  torr,  the  ventilator  tale  should  be  reduced  at  once  Failure  lo  reduce  ventilator  rales  m 
such  instances  can  result  m  marked  hypocarbia  which  is  known  to  reduce  brain  blood  flow  Pulmonary  Hemor- 
rhage: In  Ihe  Single  study  conducted  m  mlanls  weighing  <  700  grams  al  birth  ihe  incidence  of  pulmonary  hemor- 
rhage (10%  vs2%  in  the  placebo  group)  was  significantly  increased  inlheExosurf  Neonatal  group  None  of 
the  five  studies  involving  infants  wilh  birih  weights  >700  grams  showed  a  significant  increase  m  pulmonary 
hemorrhage  in  the  Exosurl  Neonatal  group  In  a  cross-study  analysis  of  these  five  sludies.  pulmonary  hemor- 
rhage was  reported  for  l%(l'l/1420)of  infanlsinlheplacebogroupand2%(27/141l)of  inlanlsmtheExosurf 
Neonatal  group  Fatal  pulmonary  hemorrhage  occurred  in  three  inlants  two  in  the  Exosurt  Neonatal  group  and 
one  in  the  placebo  group  Mortality  from  all  causes  among  mlanls  who  developed  pulmonary  hemorrhage  was 
43%  in  Ihe  placebo  group  and  37%  in  the  Exosurl  Neonatal  group  Pulmonary  hemorrhage  m  both  Exosurt  Neonatal 
and  placebo  mlanls  was  more  frequent  in  mlanls  who  were  younger  smaller  male  or  who  had  a  patent  ductus 
arteriosus  Pulmonary  hemorrhage  typically  occurred  m  the  lirst  2  days  of  tile  in  both  treatment  groups  In  more 
than  7700  intants  m  the  open  unconlnalled  study  pulmonaryhemorrhagewasfeponedin4%  but  falal  pulmonary 
hemorrhage  was  reported  rarely  (0  4% )  in  Ihe  controlled  clinical  studies.  Exosurl  Neonatal  treated  inlants  who 
received  steroids  more  than  24  hours  prior  lo  delivery  or  mdomelhacm  postnalally  had  a  lower  rale  of  pulmonary 
hemorrhage  than  other  Exosurl  Neonatal  treated  intants  Attention  should  be  paid  to  early  and  aggressive  diagnosis 
and  treatment  (unless  contramdicated)  of  patent  ductus  arteriosus  during  the  lirst  2  days  ol  life  (while  the  duc- 
tus aneriosus  is  often  clinically  sileni)  Other  potenlially  protective  measures  include  attempting  to  decrease 
FiO,  preterenlially  over  ventilator  pressures  during  the  lirst  24  to  48  hours  after  dosing  and  attempting  lo  de 
crease  PEEP  minimally  lor  al  least  48  hours  after  dosing  Mucous  Plugs:  infants  whose  ventilation  becomes  marked- 
ly impaired  during  or  shortly  after  dosing  may  have  mucous  plugging  of  the  endotracheal  lube,  particularly  if 
pulmonary  secretions  were  prominent  prior  lo  drug  admmis! ration  Suctioning  ol  all  inlants  prior  lo  dosing  may 
lessen  the  chance  of  mucous  plugs  obstructing  the  endotracheal  lube  II  endotracheal  lube  obstruction  from 
such  plugs  IS  suspected ,  and  sucitonmg  is  unsuccessful  in  removing  the  obstruction  the  blocked  endotracheal 
tube  should  be  replaced  immediately 
PRECAUTIONS: 

General:  in  ihe  contnjiled  clinical  studies.  intanIs  known  prenatally  or  postnalally  to  have  major  congenital  anomalies 
Of  who  were  suspected  of  having  congenital  infection  were  excluded  from  entry  However,  these  disorders  can- 
not be  recognized  early  m  lite  in  all  cases,  and  a  lew  infants  with  these  conditions  were  entered  The  benefits 
ol  Exosurl  Neonatal  in  the  affected  inlants  who  received  drug  appeared  to  be  similar  lo  the  benefits  observed 
in  infants  without  anomalies  or  occult  infection  Prophylactic  Treatment -Inlants  •-  700  Grams:  In  infants  weighing 
500  to  700  grams,  a  single  prophylactic  dose  ol  Exosurl  Neonalal  significantly  improved  FiO;  and  ventilator 
settings,  reduced  pneumothorax  and  reduced  dealh  from  RDS,  but  increased  pulmonary  hemorrhage  (see 
WARNINGS)  Overall  mortality  did  not  differ  signilicanlly  between  the  placeboand  Exosurl  Neonatal  groups  ( see 
Table  1  m  full  product  information)  Data  on  multiple  doses  m  infants  in  this  weight  class  are  not  yet  available 
Accordingly  clinicians  should  carefully  evaluate  Ihe  potential  risks  and  benefits  ol  Exosurl  Neonalal  administra- 
tion m  these  mtants  Rescue  Treatment -Number  of  Doses:  A  small  number  of  infants  wilh  RDS  have  received 
more  than  two  doses  ol  Exosurl  Neonalal  as  rescue  treatment  Definitive  data  on  the  safety  and  efficacy  of  these 
additional  doses  are  nol  available  Carcinogenesis,  Mutagenesis,  Impairment  ol  Fertility:  Exosurt  Neonatal  al 
concentrations  up  lo  10.000  (jg/plafe  was  nol  mutagenic  m  the  Ames  Salmonella  assay  Long-term  studies  have 
not  been  performed  m  animals  to  evaluate  the  carcinogenic  potential  ot  Exosurt  Neonatal  The  eflecis  of  Exosurl 
Neonatal  on  fertility  have  not  been  studied 
ADVERSE  REACTIONS: 

General:  Premature  birth  is  associated  with  a  high  incidence  ol  morbidity  and  mortality  Despite  signiticanl  reduc- 
lions  in  overall  mortality  associated  with  Exosurl  Neonatal .  some  mfanis  who  received  Exosurl  Neonatal  devel- 
oped severe  complications  and  either  survived  with  permanent  handicaps  or  died 
In  controlled  clinical  studies  evaluating  the  salety  and  efficacy  of  Exosurl  Neonatal  numerous  safety  assessments 
were  made  In  mtanls  receiving  Exosurl  Neonatal  pulmonary  hemorrhage,  apnea  and  use  ol  methylxanlhmes 
were  increased  A  number  of  other  adverse  events  were  significantly  reduced  m  the  Exosurl  Neonalal  group 
particularly  various  forms  of  pulmonary  air  leak  and  use  ol  pancuronium.  Tables  3  and  4  summarize  the  results 
of  the  major  salety  evaluations  from  the  controlled  clinical  sludies 


Tabla  3  Silety  Assasiments'-PropliyUclIc  Tfealmenl  (Com  i 


Number  ol  Doses 
Birth  Weight  Range 


Single  Dose  Single  Dose  Single  Dose 

500  to  700  grams      ?Q0  lo  1350  grams     700  lo  1100  grams 


1  i/s  3  Ooses 

700  lollQQ  grams 


Table  3 

Salety  Assessments' 

'-Prophylactic  Treatment 

Number  ol  Doses 

Single 

Dose 

Single 

Dose 

Single 

Dose 

1  vs: 

3  Ooses 

emti  WeigM  Range 

500  to  700  grams 

70010 1350  giams 

700 10 1100  grams 

700  to  1100  grams 

Placebo 

Placebo 

Placebo 

EXOSURF 

EXOSURF 

Trealmeni  Group 

lAirl 

EXOSURF 

lAiri 

EXOSURF 

(Airi 

EXOSURF 

IDose 

3  Doses 

Number  ot  Inlanis 

N  =  108 

N.107 

N  =  t93 

N  =  192 

N.222 

N  =  224 

N=356 

N.360 

%  ol  Inlanis 

%  ol  Intants 

%  ol  Inlanis 

%  ol  Inlanis 

Inlravenlncular  Memorriiage 

(IVHl 

Overall 

51 

57 

31 

27 

36 

36 

38 

35 

Severe  IVH 

26 

25 

to 

6 

13 

14 

9 

9 

Pulmonary  Air  Leak  IPALI 

Overall 

52 

48 

16 

32 

25 

29 

27 

Pneumoinorax 

23 

10- 

5 

19 

If 

14 

12 

Pneumopericardium 

4 

2 

<1 

Pneumomefliaslinum 

1 

2 

Pulmonary  iniersliliai 

43 

44 

13 

7* 

26 

20 

23 

22 

Emphysema 

Oealh  Irom  PAl 

6 

<1 

<1 

2 

PalenI  Duclus  Arteriosus 

« 

53 

66 

70 

50 

55 

59 

57 

Necrotizing  Enterocolitis 

4 

11 

13 

3 

6 

?• 

Pulmonary  Hemorrtiage 

10" 

2 

1 

Congenilai  Pneumonia 

4 

2 

Nosocomial  Pneumonia 

10 

to 

2 

15 

Non-Pulmonary  Inlections 

33 

35 

34 

39 

26 

29 

35 

34 

Sepsis 

30 

34 

30 

34 

23 

24 

30 

Death  From  Sepsis 

4 

3 

1 

2 

3 

2 

Meningitis 

6 

3 

01  her  Inlections 

4 

5 

Major  Anomalies 

1 

2 

Placebo  Placebo  Placebo  EXOSURF     EXOSURF 

Ireatmenl  Group        lAirl      EXOSURF      (Air)      EXOSURF      (Air|       EXOSURF        1  Oose         3  0oses 

Number  ollnlsnts       N-tOS      N  =  107      N  =  I93     N  =  192     N=2!2      N=224        N  =  356        N=360 


Hypotension 

70 

77 

52 

47 

59 

62 

54 

50 

Hyperbilirubinemia 

22 

21 

63 

61 

27 

31 

20 

21 

£»cnangeTranslusion 

4 

3 

1 

2 

2 

3 

1 

Tfirombocytopenia'' 

21 

25 

nol  available 

8 

12 

10 

Persistent  Fetal  Circulation 

0 

1 

1 

1 

2- 

1 

<1 

Seizures 

11 

8 

2 

2 

9 

6 

5 

Apnea 

34 

33 

76 

73 

65- 

62 

68 

Drug  Therapy 

Antibiotics 

% 

99 

98 

96 

99 

>99 

99 

Oiurelics 

55 

60 

39 

37 

63 

64 

65 

Aniiconvulsanis 

14 

18 

23 

24 

16 

9 

8 

Inotropes 

46 

40 

20 

20 

20 

28 

27 

Sedatives 

62 

71 

65 

64 

57 

52 

52 

Pancuronium 

19 

11 

22 

14- 

19 

13- 

15 

11 

Methylxanlhines 

38 

43 

77 

77 

61 

72- 

75 

82' 

'All  parameters  were  examined  «ilh  asireaied 
"  Thrombocytopenia  requiring  plaieiel  Iranslusion 

analyses 

•  p<0  05 

•  p<0  01 

Table  4  Salety  Assessments'— Rescue  Treatment 

Number  ol  Doses 
Birlti  Weight  Range 

Two  Doses 
700  to  1350  grams 

Two  Doses 
1 250  grams  and  above 

Treatment  Group      Placebo  (Airi      EXOSURF 
Number  ol  Inlants           N  =  213             N  =  206 

Placebo  (Air)      EXOSURF 
N=622             N=6t5 

%  ot  Intants 

%  ol  Infants 

Intraventricular  Hemorrtiage  (IVH) 

Overall 

48 

52 

23 

18* 

Severe  IVH 

13 

9 

5 

4 

Pulmonary  Air  Leak  (PAL) 

Overall 

54 

34— 

30 

18-" 

Pneumotliorax 

29 

20" 

20 

tO"' 

Pneumopericarrlium 

4 

1 

1 

2 

Pneumomerliaslinum 

8 

4 

5 

2" 

Pulmonary  Interstitial  Emptiysema 

48 

25- •• 

24 

13— 

Death  Irom  PAL 

7 

3 

<1 

1 

PalenI  Duclus  Aneriosus 

66 

57 

54 

45- 

Necrotizing  Enterocolitis 

3 

3 

1 

2 

Pulmonary  Hemorrhage 

3 

1 

<1 

1 

Congenilai  Pneumonia 

2 

3 

2 

2 

Nosocomial  Pneumonia 

5 

7 

2 

2 

Non-Pulmonary  Inlections 

19 

22 

13 

13 

Sepsis 

15 

17 

8 

8 

Oealh  From  Sepsis 

<t 

<1 

1 

<1 

Meningitis 

1 

<I 

1 

<f 

Other  Inlections 

5 

8 

5 

6 

Major  Anomalies 

3 

3 

4 

4 

Hypotension 

62 

57 

50 

39" 

Hypertjilirubinemia 

17 

19 

12 

10 

Exchange  Translusion 

3 

4 

1 

2 

Thrombocytopenia" 

10 

11 

4 

<f 

Persistent  Fetal  Circulation 

1 

1 

6 

2" 

Seizures 

10 

10 

6 

3- 

Apnea 

48 

65" 

37 

44- 

Drug  Therapy 

Antibiotics 

too 

99 

98 

98 

Diuretics 

60 

65 

45 

34"' 

Anticonvulsants 

17 

17 

10 

5" 

Inotiopes 

36 

31 

27 

16"- 

Sedatives 

72 

68 

76 

64"- 

Pancuronium 

34 

17" 

33 

15"' 

Methylxanlhines 

62 

74-- 

49 

53 

'  All  parameters  were  examined  witli 

'as-tieated"  analyses 

•  p<0  05 

•••p<0  00t 

''  Thrombocytopenia  requirin 

g  platelet  translusion 

••p<0  01 

Pulmonary  Hemorrhage:  See  WARNINGS  Abnormal  Laboratorv  Values:  Abnormal  laboratory  values  are  com- 
mon in  critically  ill  mechanically  ventilated  premature  mlanls  A  higher  incidence  of  abnormal  laboratory  values 
m  the  Exosurl  Neonatal  group  was  not  reported  Events  During  Dosing:  Data  on  events  during  dosing  are  available 
from  more  Ihan  8800  infants  in  the  open  uncontrolled  clinical  study  (Table  b\ 


Table  5:  Events  During  Dosing 

in  the  Open.  Uncontrolled  Study* 

Treatment  Type 

Proptiylaclic  Treatment 

Rescue  Treatment 

Number  ol  irlanis 

N  =  1I27 

N  =  7711 

%  ol  Inlants 

%  ol  Intants 

Rellux  ol  Exosurl 

20 

31 

Drop  mO,  saturation  (2  20%) 

6 

22 

Rise  in  Oj  saturation  (  >  10%) 

5 

6 

Drop  in  transcutaneous  pO,  (  »  20  mm  Hg) 

e 

Rise  in  lianscutaneous  pO,  (  >  20  mm  Hg) 

5 

Drop  in  transcutaneous  pCO;  (  >  20  mm  Hg) 

<1 

1 

Rise  in  transcutaneous  pCO,  |  »  20  mm  Hg) 

3 

Bradycardia  (<60  beats/mm) 

3 

Tachycardia  (>200  beals/min) 

<1 

<1 

Gagging 

5 

Mucous  Plugs 

<1 

<1 

■■  Inlanis  may  have  experienced  more  Ihan  one  event 
Investigators  were  prohibited  from  adjusting  FiO,  and/or  ventilator  settings  during  dosmg  unless  significant 
clinical  deterioration  occurred 

Reflux:  Reflux  of  Exosurl  Neonatal  into  the  endotracheal  tube  during  dosmg  has  been  observed  and  may  be 
associated  with  rapid  drug  administration  II  reflux  occurs  drug  administration  should  be  halted  and  il  necessary 
peak  inspiratory  pressure  on  Ihe  ventilator  should  be  increased  by  4  lo  5  cm  HjO  until  the  endotracheal  tube 
clears  >20%  Drop  in  Transcutaneous  Oxygen  Saturation:  if  transcutaneous  oxygen  saturation  declines  dur- 
ing dosing  drug  administration  should  be  halted  and.  if  necessary,  peak  inspiratory  pressure  on  Ihe  ventilator 
should  be  increased  by  4  lo  5  cm  H,0  lor  i  to  2  minutes  In  addition,  increases  of  FiO,  may  be  required  lor  1 
10  2  minules  Mucous  Plugs:  See  WARNINGS 
DOSAGE  AND  ADMINISTRATION:  See  lull  product  mlormation 
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AMADEUS 

Intensive  Care  Ventilation... 


Simple,  Practical,  Reliable. 


The  AMADEUS  Adult/Pediatric  Ventilator: 


Economical  to  acquire,  maintain 
and  operate. ..just  what  you 
and  your  hospital  want. 


Proven  technology  that  includes 
almost  no  moving  parts  and 
advanced  microprocessor  design. 


All  the  basic  modes,  alarms  and 
monitoring  you  require  for  safe, 
appropriate  ventilatory  support. 
A  simple  to  learn,  easy  to  use 
system  which  includes... 

-  Assist/control,  SIMV,  PEEP/CPAP, 
pressure  support 

-  accurate  monitoring  of  volume, 
pressure,  flow,  oxygen  and  lung 

mechancs  HAMILTON 

MEDICAL 

makingTechnology  serve  AAaNKIND 

Manufacturer:     Hamilton  Medical  AG,  Via  Noua,  CH-7403  Rhazuns/Switzerland,  Telephone  081  37  26  27,  Telex  851  321  hmed  ch.  Fax  081  37  26  89 

USA:  Hamilton  Medical  Inc  ,  P  O  Box  30008,  Reno,  NV  89520,  Telephone  (702)  786  7599,  (800)  HAM-MED-1,  Fax  (702)  786-5621 

Great  Britain:       Hamilton  (G,B.)  Limited,  Parkgate  House,  Broomhill  Road,  London  SW184JQ.  Telephone  01-871  5124,  Telex  917003  LPCG,  Fax  01  874  6010 

Germany  Hamilton  Deutschland  GmbH,  Daimlerweg  5A,  Postfach  110565,  D-6100  Darmstadt,  Tel  (06151)  85085,  Telex  419684,  Fax  (06151)  891733 

For  all  other  countnes  contact  Switzerland  or  our  local  dealer 
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ABSTRACTS 


nographic  measurements  as  well  as 
arterial  blood  gases,  pulmonary 
function,  distance  walked  in  6 
minutes,  and  inspiratory  muscle 
endurance  were  measured  at  baseline 
and  after  3  and  14  months  of  ven- 
tilation. Ventilation  improved  satura- 
tion (baseline  on  O^:  slow-wave  sleep 
(SWS)  87  ±  10,  rapid-eye  movement 
sleep  (REM)  79  ±  14.  ventilator  on 
R/A:  SWS  90  ±6,  REM  89  ±  5%) 
and  transcutaneous  PcOi  (baseline  on 
O.;  SWS  85  ±  26,  REM  94  ±  39. 
ventilator  on  R/A;  SWS  53  ±  9,  REM 
58  ±  9  torr).  During  ventilation,  the 
quantity  and  distribution  of  sleep  was 
similar  to  that  observed  prior  to 
ventilation.  Daytime  gas  exchange 
improved  as  did  the  6-min  walking 
test  (initial  test  =  429  ±  1 20  m,  3 
months  after  ventilation  =  567  ±121 
m),  both  of  these  improvements  being 
sustained  at  14  months.  Inspiratory 
muscle  endurance  measured  using  a 
pressure  threshold  load  (mean  mouth 
pressure  =  45%  MIPrv)  improved 
from  7.1  ±  3.4  minutes  at  baseline  to 
14.8  ±  7.6  minutes  at  3  months,  an 
improvement  sustained  at  14  months. 
TTiere  was  no  change  in  measured 
lung  volumes  or  respiratory  muscle 
strength.  We  conclude  that  the 
improvement  in  nocturnal  gas 
exchange,  daytime  functioning,  and 
arterial  blood  gases  resulting  from 
nocturnal  positive  pressure  ventila- 
tion is  associated  with  an  increase  in 
inspiratory  muscle  endurance  sus- 
tained at  14  months. 

Hemodynamic  Effects  of  Nasal 
CPAP  Examined  by  Doppler  Echo- 
cardiography— JA  Leech,  KJ  Ascah. 
Chest  1991;99:323. 

The  effects  of  incremental  application 
of  nasal  continuous  positive  airway 
pressure  (0  to  15  cm  H2O)  on  heart 
rate,  pulmonary  artery  pressure,  and 
cardiac  index  were  studied  noninva- 
sively  by  Doppler  echocardiography. 
By  two-way  analysis  of  variance 
within  two  groups  (19  normal  volun- 
teers and  six  sleep  apnea  patients). 


no  significant  effects  on  heart  rale, 
pulmonary  artery  pressure,  ventricu- 
lar si/e,  or  cardiac  index  could  be 
found  with  increasing  positive  intra- 
thoracic pressures  and  consequent 
lung  hyperintlation.  In  subjects  with 
nomial  cardiac  function,  nasal  CPAP 
is  safe  from  a  hemodynamic  view- 
point. This  simple,  repeatable,  and 
noninvasive  technique  may  be  used 
to  assess  the  clinical  safety  and 
efficacy  of  prescribed  nasal  CPAP  on 
cardiac  hemodynamics  in  individual 
patients. 

A  Disposable  End-Tidal  CO7  Detec- 
tor To  Verify  Endotracheal  Intu- 
bation— WR  Anton.  RW  Gordon, 
TM  Jordan,  KL  Posner,  FW  Cheney. 
Ann  Emerg  Med  1991;20:271. 

Study  ohjeclive:  We  compared  the 
performance  of  the  Fenem  FEF  end- 
tidal  CO:  detector  with  the  TRIMED 
capnometer  to  verify  endotracheal 
intubation.  Design:  The  FEF  indicates 
the  presence  of  CO2  by  the  color 
change  of  chemically  treated  indica- 
tor: the  TRIMED  uses  infrared 
technology.  Both  devices  were  used 
during  60  intubations.  Setting:  Intu- 
bations during  in-hospital  emergency 
situations  outside  of  the  operating 
room  were  studied.  Type  of  partic- 
ipants: Adult  patients  undergoing 
intubation  for  respiratory  failure, 
CPR,  and  other  airway  protection 
situations  were  enrolled  in  the  study. 
Interventions:  The  TRIMED  monitor 
and  FEF  detector  were  placed  in  series 
between  the  manual  resuscitator  and 
the  patient's  endotracheal  tube  adap- 
ter after  endotracheal  tube  placement. 
Measurements  ami  main  results:  We 
defined  the  acceptable  criterion  for 
detection  of  COi  as  production  of  a 
positive  signal  within  six  manual 
resuscitator  bag  breaths.  The 
TRIMED  met  this  criterion  in  58  of 
60  patients  (sensitivity,  0.97)  and  thi 
FEF  met  this  criterion  in  59  o!' 
patients  (sensitivity,  0.98).  A 
t  test  showed  no  statistica'!>  ;>ig m 
icant   difference    in    per     rmance 


between  the  two  devices.  In  five  of 
nine  cases  of  intubation  during  CPR, 
the  color  change  of  the  FEF  was 
described  as  "subtle."  In  one  CPR 
case,  a  positive  signal  was  not 
obtained  by  either  device.  Conclu- 
sion: We  conclude  that  the  perfom- 
ance  of  the  FEF  CO;  detector  is  equal 
to  that  of  the  TRIMED  monitor  for 
verification  of  endotracheal  intuba- 
tion in  nonCPR  situations.  Interpre- 
tation of  FEF  color  changes  during 
CPR  should  be  approached  with 
caution  until  further  studies  using  the 
FEF  during  CPR  are  completed. 

Ventilation  and  (las  Exchange 
during  Exercise  in  Sickle  Cell 
Anemia — P  Pianosi,  SJA  DSouza, 
DW  Esseltine,  TD  Charge,  AL 
Coates.  Am  Rev  Respir  Dis 
1991:143:226. 

Adults  with  sickle  cell  anemia  (SCA) 
have  restrictive  lung  impairment, 
increased  alveolar  dead  space,  and 
hypoxemia.  TTiese  factors,  together 
with  increased  anaerobic  metabolism, 
are  thought  to  cause  exercise  hyper- 
ventilation. To  assess  the  role  of  each 
of  these  in  children,  34  patients  with 
SCA  and  1 6  control  subjects  performed 
pulmonary  function  and  exercise  tests. 
Twenty-eight  patients  with  SCA  had 
spirometric  values  and  lung  volumes, 
and  all  but  two  patients  with  SCA  had 
arterial  saturation  >  9 1  %  during  exer- 
cise. Despite  a  low  Vq, 
(30.07  ±6.55  mL/min-i/kg-').  the 
ventilatory  anaerobic  threshold  (VAT) 
in  the  patients  occurred  at  a  similar 
%Vo,  as  in  the  control  subjects 
(69  ±  9%  vs  63  ±  12%).  Tlie  slope  of 
the  AVpyAVfo^  relationship  for  sub- 
VAT  work  was  sleeper  in  the  patients 
(29.4  ±  6.5  vs  24.7  5.2, p  =  0.01),  and 
the  \  eniilalory  equivalent  for  COi  (Vg/ 
y,,J  in  steady-state  exercise  was 
greater  in  the  patients  than  in  the  control 
subjects  (33.2  ±  3.5  vs  30.8  ±  3.5. 
p  =  0.03).  End-tidal  Pco.  did  not  differ 
(38.3  ±  3.0  vs  39.2  ±  3."l),  indicating 
equivalent  alveolar  ventilation.  The 
patients  had  a  higher  dead-space-to- 
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The  best  monitor  is  a  reliable  monitor.  MiniOX*  oxygen 
monitors  deliver  month  after  month  of  accurate  readings 
with  virtually  no  instrument  downtime. 

At  the  heart  of  MiniOX  reliability  is  the  most  durable  oxygen 
sensor  made.  It's  warrantied  for  a  full  year.  While  other 
oxygen  monitor  manufacturers  may  offer  similar  warranties, 
the  actual  MiniOX  performance  record  is  outstanding. 

MiniOX  oxygen  sensors  exceed  their  warrantied  lifetime.  That 
means  no  instrument  downtime!  And  that  also  makes  MSA 
Catalyst  Research  the  only  choice  when  you  do  need  to 
change  sensors  for  the  MiniOX  you  already  own. 

MiniOX  electronics  are  superior,  too.  Designed  simply,  yet 
built  for  demanding  applications,  they  are  trouble-free. 
Powered  by  a  standard  9V  alkaline  battery,  they  are  also 
convenient  to  maintain. 


MiniOX.  No  one 
monitors  oxygen  better, 


Thousands  of  respiratory  therapists  and  other  clinicians  have 
made  MiniOX  the  standard  in  oxygen  monitoring.  Why  use 
anything  less? 

For  more  information  call  1-800-851-4500. 
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tidal-volume  ratio  [VofVi)  than  did  the 
control  subjects  (0.204  ±  0.033  vs 
0.173  i  0.024. p  =  0.0005).  The 
PaCOi  w**  significantly  lower  in  those 
with  lower  Hb.  but  there  was  no 
difference  in  pH.  In  conclusion. 
children  with  SCA  have  an  increa.sed 
exercise  ventilatory  response  caused  in 
part  by  increa.sed  physiologic  dead 
space,  and  in  part  by  their  low  Hb.  The 
greater  dead  space  may  be  the  result 
of  sickle  cells  impairing  capillary 
perfusion  to  ventilated  alveoli. 

Airways  Inflammation  in  Noctur- 
nal Asthma — RJ  Martin.  LC  Cicutto. 
HR  Smith.  RD  Ballard.  SJ  Szefler. 
Am  Rev  Respir  Dis  1991:143:351. 

Nocturnal  asthma  is  a  frequent  prob- 
lem, but  the  mechanism  is  unclear.  We 
investigated  the  possibility  that  airways 
inflammation  occurred  during  the  night. 
Bronchoalveolar  lavage  fluid  was 
analyzed  in  asthmatic  patients  with 
(n  =  7)  and  without  noctumal  asthma 
(n  =  7)  at  1600  and  04CK)  h.  The 
noctumal  asthma  group  had  an  increase 
in  the  total  leukocyte  count  (24.0  ±  7.0 
to  41.1  ±9.9X  10^  cells/mL.p 
<0.05).  neutrophils  (1.1  ±0.6  to 
3.7±1.5xia»  cells/mL.  p<0.05). 
and  eosinophils  (0.5  ±0.1  to 
1.7  ±0.7X10-'  cells/mL.  p<0.05) 
from  1600  to  0400  h.  Cellular  com- 
ponents for  the  non-noctumal  asthma 
group  did  not  change.  Between  groups, 
the  1600-h  cells  were  similar.  At  04(K3 
h  the  noctumal  asthma  group  had 
significantly  higher  total  leukocyte, 
neutrophil,  eosinophil,  lymphocyte,  and 
epithelial  cell  counts.  For  all  subjects, 
the  overnight  fall  in  peak  expiratory 
flow  rates  was  correlated  to  the  change 
in  neutrophils  (r  =  0.54,  p  <  0.05)  and 
eosinophils  (r  =  0.77,  p  <  0.05).  We 
conclude  that  the  noctumal  worsening 
of  asthma  has  an  associated  cellular 
inflammatory  response  that  is  not  seen 
in  patients  without  overnight  decre- 
ments in  lung  function.  This  inflam- 
matory response  together  with  epithe- 
lial damage  may  be  important  factors 
in  the  etiology  of  noctumal  asthma. 


The  Kffect  of  Inhaled 
Corticosteroids  on  the  Maximal 
Degree  of  Airway  Narrowing  to 
Methacholine  in  Asthmatic  Sub- 
jects EH  Bel,  MC  Tinuners,  AH 
Zwinderman,  JH  Dijkman.  PJ  .Slcrk. 
Am  Rev  Respir  Dis  1991:143:109. 

Airway  hyperresponsiveness  in 
asthma  is  characterized  by  an  increase 
in  sensitivity  and  in  maximal  response 
to  airway-narrowing  stimuli.  Long- 
term  therapy  with  inhaled  cortico- 
steroids is  known  to  reduce  airway 
hypersensitivity  in  asthmatic  patients. 
To  investigate  whether  these  drugs 
also  reduce  the  maximal  degree  of 
airway  narrowing  we  studied  the 
effects  of  inhaled  budesonide  on  the 
maximal  response  plateau  of  the  dose- 
response  curve  to  inhaled  metha- 
choline in  mildly  asthmatic  patients 
in  whom  a  raised  plateau  could  be 
measured.  Sixteen  atopic  patients 
with  mild  asthma  were  placed  ran- 
domly into  two  parallel  treatment 
groups  to  receive  double-blindly 
either  budesonide  (400  ixg  twice 
daily)  or  placebo,  inhaled  via  a 
Turbuhaler.  for  4  wk.  Before  treat- 
ment, after  2  and  4  wk  of  treatment, 
and  after  2  and  4  wk  of  wash-out. 
complete  dose-response  curves  to 
methacholine  were  obtained  using  a 
standardized  2-min  tidal  breathing 
method.  The  response  was  measured 
by  FEV|.  expressed  in  %  fall  from 
baseline.  A  plateau  on  the  log  dose- 
response  curve  was  considered  if 
three  or  more  data  points  fell  within 
a  5%  response  range.  The  maximal 
response  was  obtained  by  averaging 
the  values  on  the  plateau  (MFEV,). 
and  the  sensitivity  was  calculated 
from  the  provocative  concentration  of 
methacholine.  causing  a  20*5^  fall  in 
FEV;  (PC:,,).  After  4  wk  of  budes- 
onide treatment,  mean  MFEV, 
decreased  from  41.6  to  33.7%  fall 
(p  =  0.0004).  The  changes  in  MFEV 
were  significantly  different  betw. 
placebo  and  budesonide  (p  =  ''  '  ' 
The  geometric  mean  PC20  inurc.t.-.ci 
from  3.4  to  6.3  mg/mL  (p  -  0.02), 


but  the  changes  in  PCi,,  were  not 
different  between  the  two  groups 
(p  =  0.23).  We  conclude  that  budeso- 
nide limits  the  increased  maximal 
airway  narrowing  in  asthmatic 
patients.  The  results  suggest  that 
asthma  therapy  should  include  anti- 
inmtlammatory  drugs  such  as  inhaled 
corticosteroids  in  order  limit  poten- 
tially dangerous  degrees  of  airway 
narrowing. 

Accuracy  of  Flexible  Fiberoptic 
Flndoscopy  in  Identifying  Abnor- 
mal Endotracheal  Tube  Positions — 

KA  Dietrich.  SA  Conrad.  MD 
Romero,  JL  Lloyd,  EE  Fontenot. 
Pediatr  Emerg  Care  1990;6:257. 

This  study  was  carried  out  to  inves- 
tigate the  accuracy  of  a  simple, 
nonmaneuverble,  flexible  fiberoptic 
catheter  in  identifying  both  normal 
and  abnormal  endotracheal  tube 
(ETT)  positions.  In  addition,  the 
utility  of  flexible  fiberoptic  endos- 
copy (FEE)  for  ETT  position  deter- 
mination in  inexperienced  hands  was 
examined.  One  adult  dog  was  sedated 
and  instrumented  in  the  esophagus 
and  trachea  with  identical  ETTs.  Four 
possible  ETT  positions  (trachea, 
carina,  bronchus,  esophagus)  were 
randomly  assigned.  One  investigator 
positioned  the  ETT  into  the  assigned 
position  by  fluoroscopy.  Four  other 
blinded  investigators  were  asked  to 
determine  the  ETT  position  using  the 
fiberoptic  catheter.  Each  blinded 
investigator  was  given  15  seconds  to 
complete  the  examination  and  record 
the  ETT  position.  Randomization 
resulted  in  25  ETT  positions  exam- 
ined by  each  of  the  four  blinded 
investigators  for  a  total  of  100  FFE 
determination.s.  FFTi  ETT  determina- 
tion 'A  is  correct  in  97%  of  the 
■.minations.  All  esophageal  intuba- 
11  'Hs  were  correctly  identified.  Two 
iracheal  locations  were  misdiagnosed 
as  carina  and  bronchial,  while  one 
carinal  location  was  91.7%,  and  the 
specificity  was  98.6%.  There  was  no 
difference  in  performance  by  inves- 
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With  New  Life 
So  Precious, 
Don't  Wait  Until 
"All  Else  Fails! 


nrrsoncmg  the  only  high  FREQUENCrngonatal  Ventilator 

APPROVED  for  Early  Intervention 

SensorMedics  3100 

SensoiMedics  3100  is  Clinically  Proven  to: 


Reduce  Barotrauma  " 
Improve  Gas  Exchange'" 
r  Reduce  Need  for  ECMO' 

The  3100  is  a  true  oscillatory  high  frequency 
ventilator  with  a  unique  patented  diaphragmatic 
bellows  and  drive  mechanism,  which  not  only 
provides  higher  ventilation  capacity  with  active 
exhalation  but  also  variable  l:E  ratios. 


For  information,  please  call  our  Sales  Department  at 
(800)  231-2466  x8501.  or  send  your  fax  to  (714)  283-8439. 


1  High-Frequency  Oscillatory  Ventilation  Reduces  the  Incidence  ol  severe  Chronic  Lung 
Disease  in  Respiratory  Distress  Syndrome.  Reese  Clarli.  MD.  D.  Gerslman.  D.  Noll. 
R.A.  Jehemes.  American  Review  of  Respiratory  Disease,  April  1990. 

2  High  Frequency  Oscillation  Decreases  the  Incidence  ol  Air  Leak  Syndrome  in  Infants  with 
Severe  Respiratory  Distress  Syndrome.  HIFO  Study  Group.  Snowbird  High  Frequency 
Conference.  1991 

3  High  Frequency  Oscillatory  \fentilalion  and  ECMO  tor  Treatment  ol  Acute  Neonatal 
Respiratory  Failure.  J.  Carter,  0.  Geretman.  R.  Clark.  D.  Cornish.  0.  Null,  R  deLemos. 
Pediatrics.  February  1990. 
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The  Cardiopulmonary  Care  Company' 


SensorMedics  introduces  New  Technology  for 
Pulmonary  Function  and  Metabolic  Testing 


The  New  SensorMedics 
6200  Autobox  Dl  is  the  first 
complete  pulmonary  function 
instrument  capable  of 
plethysmography .  the 
recommended  "gold  standard" 
for  lung  volumes  and  airways 
resistance,  spirometry,  with 
either  traditional  or  ilow  box" 
compression  free  spirometry, 
and  diffusion  There  is  no  need 
for  a  second  instrument.  The 
system  can  also  accompUsh 
Non  Invasive  Cartiiac  Output  during  an  IntraBreath  (no  breath  holdl  Diffusion  maneuver. 

The  Autobox  Dl  cabin  combines  several  techniques  in  one  unique  automated  system.  It  is  driven 
by  a  powerful,  user-friendly  computer  package.  Cabin  design  features  contribute  to  a  more  comfortable 
patient  test  environment  with  a  "Gbde-out"  chair  for  easy  patient  access,  even  from  a  wheelchair. 

TVansmural  breathing  reduces  re-breathing  of  exhaled  gases  and  allows  you  to  choose  the  method 
of  testing  best  suited  for  each  patient,  quiet  breathing  or  panting.  A  unique  diffiision  system  lets  you 
select  the  "TVaditional"  or  Intra-Breath  (no  breath  hold)  technique  on  virtually  any  exhaled  patient 
volume.  Total  decontamination  of  the  breathing  circuit  reduces  liabihty  and  improves  test  throughput. 


The  SensorMedics  2900  Metabolic 
Measurement  Cart  now  includes  the  "401 
Supra  Elite"  software  with  exercise  and 
metabolic  prescription/interpretation 
programs.  This  software  first,  from  the  first 
provider  of  metabolic  measurement  carts, 
unravels  the  mystery  of  data  generated  from 
gas  exchange  systems.  Key  benefits  derived 
from  the  2900  cart  with  401  programs  are 
exercise  interpretation  and  prescription,  risk 
profile,  diet  generation,  and  fitness  evaluation.  Of 
course,  advanced  summary  reports,  multi- 
variant  graphs,  and  automatic  anaerobic 
detection  are  part  of  the  package. 

The  2900  Metabolic  Measurement  Cart  will  accommodate  cardio- 
pulmonary stress  testing  by  the  traditional  mixing  chamber  or  true  breath-by- 
breath  measurement,  indirect  calorimetry  by  mouthpiece,  mask  or  canopy, 
spirometry,  and  non-invcisive  cardiac  output,  by  either  the  "Defares"  or 
'CoUier"  methods.  The  2900  is  the  first  instrument  with  total  single  button 
operation  of  both  the  metabolic  cart  and  ECG  stress  system  (including  treadmill 
or  ergometer),  and  produces  comprehensive  cardiopulmonary  user-defined  reports. 


SensorMedics  Corporation 
22705  savi  ranch  parkway  •  yorba  linda,  ca  92687  •  714-283-2228 
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You  need  all  the  help  you  can  get  with  your  recruiting. 

Sometimes  it  seems  like  an  impossible  task.  Whether  for  respiratory  care  students  or 
department  staff,  you  may  feel  the  need  to  hire  an  army  of  recruiters.  No  need.  There  is  help  —  the 
AAKC  Recruitment  Video  Series. 

The  AARC  Recruitment  Video  Series  is  a  tireless  adjunct  to  your  recruitment  efforts.  These 
thought-provoking  videos  will  arouse  any  potential  recruit's  interest.  Use  individually,  or  combine 
all  three  for  a  powerful  presentation  that  will  line  them  up  to  apply. 

The  AARC  Recruitment  Video  Series  makes  recruitment  an  easier  and  more  successful  mission. 
And  for  a  little  more  help,  order  both  the  AARC  Decision  and  Life  and  Breath  tapes  and  receive  help 
from  President  Reagan  and  his  address  to  the  AARC  for  free. 


Even  though  President  Reagan  has  retired, 
you  can  still  put  him  to  work  recruiting  for  you. 


Hie  AARC  Decision  —  A  five-minute  slide  show  in  video  format  stresses  how  membership  in  the  AARC  enhances  career  and  professional  goals.  Item  VT99V. 
S12.00  IVHSI 

Life  and  Breath  —  This  video  describes  careers  in  respiratory  care  and  conveys  an  upbeat  message  to  appeal  to  young  adults  who  arc  making  a  career  decision. 
Item  VT98V.  $40.00  -  AARC  members  pay  $35.00  (VHS) 

President  Reagan's  Address  to  the  AARC  — Delivered  via  video  to  the  audience  at  a  recent  AARC  convention,  this  tape  will  instill  pride  in  the 
profession  and  organization.  Item  VT97V.  $1100  (VHSI  or  FREE  with  purchase  of  the  AARC  Decision  and  Life  and  Breatii. 


Add  $2  each  (ape  for  shipping. 


\ 


Order  both  Life  and  Breath  and  the  AARC  Decision 
and  receive  President  Reagan's  Address  to  the  AARC  for  FREE. 

The  American  Association  for  Respiratory  Care  •  11030  Abies  Ln.  •  Dallas,  TX  75229  •  (214)  243-2272 


ABSTRACTS 


tigator  Iraining  level  or  endoscopy 
experience.  We  conclude  thai  FFE  is 
a  rapid  and  acciirak-  nielhotl  for 
determining  holh  noniial  and  abnor- 
mal I-yrT  locations.  ETT  position 
delermination  can  be  confidently 
performed  b\  health  professionals 
wah  minimal  training. 

Metered  Dose  Inhalers  for  Bnm- 
chodilator  Delivery  in  Intubated, 
Mechanically  \  entilated  Patients — 

PC  Gay,  HG  Patel.  SB  Nelson,  B 
Gilles,  RD  Hubmayr.  Chest  1991; 
99:66. 

We  determined  the  relative  efficacy 
of  two  bronchodilator  aerosol  deliv- 
ery methods  in  1 8  intubated  mechan- 
ically ventilated  patients  with  airways 
obstruction.  Two  treatment  arms, 
consisting  of  albuterol  270  |xg  (three 
puffs)  from  a  metered  dose  inhaler 
and  albuterol  2.5  mg  from  a  saline 
solution  nebulized  with  an  updraft 
inhaler,  were  compared  in  a  single 
blind,  randomized  crossover  design. 
Pulmonary  function  was  evaluated 
using  an  interrupter  technique. 
Changes  in  passive  expiratory  flow 
at  respiratory  system  recoil  pressures 
between  6  and  10  cm  H^O  provided 
the  therapeutic  endpoints.  Paired 
measurements  were  made  before  and 
30  minutes  after  drug  delivery.  The 
MDI  and  NEB  resulted  in  similar 
improvements  in  iso-recoil  flow 
(mean  increa.se  for  both  groups  =  0.1 
L/s).  Treatment  sequence,  severity  of 
obstruction,  and  brochodilator 
responsiveness  had  no  effect  on 
relative  efficacy.  Albuterol  caused  a 
small  but  significant  increase  in  heart 
rate  that  was  similar  following  both 
delivery  methods.  We  conclude  that 
bronchodilator  aerosol  delivery  with 
metered  dose  inhalers  provides  a 
viable  alternative  to  nebulizer  therapy 
in  intubated  mechanically  ventilated 
patients  and  may  result  in  a  cost 
savings  to  hospitals  and  patients. 


Measurement  of  Minute  Ventila- 
tion in  Ventilator-Dependent 
Patients:    Need    for   Standardiza- 


tion— KI.  Yang.  MJ  Tohin.  Crit  Care 
Med  I9yi;19;49. 

Objectives:  (a)  To  determine  the 
variation  in  methods  u.sed  to  measure 
minute  ventilation  (Vp)  in  patients 
who  receive  mechanical  ventilation; 
(b)  to  detemiine  the  effect  of  supple- 
mental oxygen  on  Vg,  respiratory  rate 
(RR).  and  tidal  volume  (V| )  measure- 
ments. Desifin:  Telephone  survey  of 
hospitals,  and  a  randomized  control 
trial.  Setting:  Medical  and  surgical 
ICUs  in  a  university  hospital. 
Patients:  Thirty-three  patients  who 
had  required  mechanical  ventilation 
because  of  the  inability  to  sustain 
adequate  spontaneous  ventilation.  All 
patients  were  considered  ready  to 
undergo  a  weaning  trial  by  their 
physicans.  Interventions:  Spontane- 
ous Vp.  RR.  Vg  and  Sao.,  were 
measured  both  in  the  presence  and 
absence  of  supplemental  oxygen; 
measurements  were  obtained  in  a 
randomized  manner.  Measurentents 
and  Main  Results:  (a)  In  a  telephone 
survey  of  hospitals  throughout  the 
country,  we  found  that  the  measure- 
ment of  Vg  is  variably  obtained  during 
room  air  breathing  or  in  the  presence 
of  supplemental  oxygen,  (b)  Measure- 
ments of  Vg  increased  from  1 1 .0  ±  0.8 
L/min  while  patients  received  supple- 
mental oxygen  to  13.5  ±  1.1  L/min 
while  patients  breathed  room  air 
(p<  0.001).  Of  15  patients  who  had 
a  Ve<10  L/min  while  receiving 
supplemental  oxygen,  seven  deve- 
loped a  value  >  10  L/min  while 
breathing  room  air;  thus,  a  weaning 
trial  might  have  been  inappropriately 
deferred  in  these  patients,  (c)  Mean 
Sao,  decreased  from  95.0  ±  0.6% 
while  breathing  .supplemental  oxygen 
to  90.2  ±  1.1%  while  breathing  room 
air  (p  <  0.001).  Concliisians:  Measure- 
ments of  V{;  in  patients  being  considered 
for  a  weaning  trial  can  result  in 
significant  oxygen  desaturation  if 
obtained  during  room  air  breathing,  and 
(he  values  obtained  can  significantly 
overestimate  the  patient's  true  ventila- 
tory requirements,  since  most  patients 
receive  supplemental  oxygen  during  a 


weaning  trial.  Standardized  methods  of 
measuring  Vp  in  critically  ill  patients 
need  to  be  developed. 

Interpretation  of  the  Alveolar- 
Arterial  Oxygen  Difference  in 
Patients   with    Hypercapnia — BA 

Gray,  JM  Blalock.  Am  Rev  Respir 
Dis  1991;  143:4. 

According  to  conventional  wisdom, 
the  difference  between  alveolar  and 
arterial  O,  tensions,  the  P(A-a)OT 
should  distinguish  between  hypoxe- 
mia caused  by  alveolar  hypoventila- 
tion and  hypoxemia  caused  by  alveo- 
lar hypoventilation  complicated  by 
other  abnormalities  of  gas  exchange. 
To  test  this  concept  we  have  calcu- 
lated the  P(A-a)Oi  from  arterial  blood 
gas  measurements,  breathing  air,  in 
23  patients  with  hypercapnia.  hypoxe- 
mia, and  advance  obstructive  lung 
disease  (mean  FEV,  =  0.88  L).  We 
found  that  P(A-a)Oi  varied  inversely 
with  Paco-,  (r  =  -0.83.  p  <  0.001 ).  In 
five  of  these  patients  with  the  most 
severely  elevated  Paco->  (range.  59  to 
81  torr)  the  P(A-a)Oi  was  within 
nonnal  limits.  We  also  calculated  the 
difference  between  the  Oi  contents  of 
"ideal"  pulmonary  capillary  blood  and 
arterial  blood  and  expressed  this  as 
the  venous  admixture  (Q\\/Q\)  based 
on  an  assumed  arteriovenous  content 
difference  of  4.5  mL/dL.  In  contrast  to 
the  P(A-a)Oy  the  Q^a/Qt  was 
abnormal  in  all  patients 
(mean  =  41  ±  8%).  We  conclude  that 
the  P(A-a)OT  m^y  be  an  unreliable 
indicator  of  abnormal  gas  exchange  in 
the  presence  of  alveolar  hypoventilation. 
This  finding  can  be  explained  by 
substantial  changes  in  the  pttsition  of 
the  alveolor  and  arterial  p(.)inis  tin  the 
oxygen  dissociation  cur\'e  for  hemo- 
globin in  the  presence  of  alveolar 
hypoxia  secondars  to  h\po\entilalit)n. 

Asthma  in  the  KIderly:  A  Compar- 
ison Between  Patients  with 
Recently  Acquired  and  Long- 
standing Disease — SS  Biaman,  JI 
Kaemmerlen,  SM  Davis.  Am  Rev 
Respir  Dis  1991:143:336. 
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NEW  RUDOLPH  MOUTH/FACE  MASK 

Stress/ Exercise/ Pulmonary  Testing, 
and  Metabolic  Measurements. 


T-Shapeim  Valve 

•  The  New  Design  of  isolating 
the  nose  chamber  reduces 
the  masks  rebreathing 
volume  dead  space. 

•  This  lower  dead  space 
improves  breath  by  breath 
measurements. 
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Uni-Vent  is  a  full  spectrum  critical 
care/trauma/transport  ventilator.  Its 
"smart"  interactive  design  safely  protects, 
monitors  and  provides  your  patient  with  a 
wide  range  of  ventilatory  care  features. 

Uni-Vent^'^  includes  multiple  operating 
modes,  alarms  and  displays  and  weighs 
just  9-lbs!  Its  Assist-Control  and  SIMV 
modes,  and  optional  electronic  demand 
valve  -  are  all  PEEP  compensated  to 
reduce  your  patients'  work-of-breathing. 
Gas-  conserving  electronics  provide  con- 
sistency, dependability  and  insure  the 
maximum  benefit  from  available  portable 
gas  sources  -  a  must  for  transport  applica- 
tions! 

Uni-Vent^"^:  for  your  emergency, 
recovery,  critical  care  and  transport 
needs! 
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Topical  Dosage  For  Young  Asthmatic 
Children  With  M.D.I.  Aerosol  Medications 

Young  children  with  asthma  can  now  obtain  the  benefits  of  aerosol  medication 
manufactured  by  M.D.I.'s  with  the  new  AEROCHAMBER*  WITH  MASK  from 
Monaghan  Medical  Corporation.  This  innovative  device  permits  the  use  of  all 
aerosol  medications  manufactured  by  M.D.I  currently  available  for  treatment  of 
acute  wheezing. 

Movement  of  a  diaphragm  in  the  mask  is  a  helpful  indication  that  the  mask  is 
properly  sealed  to  the  child's  face.  Proven  efficacy  with  metered  do.se  inhalers, 
combined  with  the  convenience  of  the  AEROCHAMBER  WITH  MASK,  allows  you 
to  give  aerosolized  medications  to  young  children  practically  any  time  or  any  place,  effectively  and  conveniently. 
The  AEROCHAMBER  WITH  MASK  is  very  inexpensive  when  compared  to  the  use  of  a  compressor  with  S.V.N,  and 
mask.  The  AEROCHAMBER  WITH  MASK  is  easy  to  use,  easy  to  clean,  compact  enough  to  fit  in  a  mother's  purse,  and 
best  of  all,  delivers  the  results  you  expect  when  treating  asthma  and  bronchiolitis. 

Note:  "Metered  dose  InhaJers  and  Aeroctumber  with  Mask  are  to  be  used  by  a  responsible  adult  under  the  direction  of  a  physldaiL" 

Improving  The  Future  Today 


MONAGHAN  MEDICAL  CORPORATION 
P.O.  Box  2805,  Plattsburgh,  NY  12901         800/833-9653         In  NY  518/561-7330 


Fax  518/561-5660 
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To  characterize  asthma  in  the  ekierK . 
25  consecutive  nonsmoking  puhno- 
nary  chnic  patients  over  the  age  of 
70  who  met  the  American  Thoracic 
Society  criteria  for  asthma  were 
identified.  Of  these.  12  patients  (487^ ) 
had  developed  asthma  at  an  advanced 
age  (>  65  yr).  This  group  with  late- 
onset  asthma  had  a  mean  duration  of 
disease  of  5.1  ±2.5  y.  The  remaining 
group  with  early-onset  asthma  had  a 
mean  duration  of  illness  of  3 1 .4  ±  14.6 
y.  On  the  day  of  evaluation  each 
patient  underwent  pulmonary  func- 
tion testing  off  all  medication  for  at 
least  12  h.  These  two  groups  were 
indistinguishable  by  symptoms  and 
medication  requirements.  Immediate 
hypersensitivity  skin  testing  to  43 
aeroallergens  was  uniformly  negative 
in  all  25  patients  but  the  histamine 
control  was  always  positive.  IgE 
levels  in  both  groups  were  not 
different  from  those  in  elderly  control 
subjects.  Those  with  early-onset 
asthma  had  a  greater  likelihood  of 
previous  allergic  disease  (p<  0.001) 
and  a  significantly  greater  degree  of 
airflow  obstruction  in  pre-  and 
postbronchodilator  pulmonary  func- 
tion testing  (p<0.05).  This  study 
suggests  that  long-standing  asthma 
may  lead  to  chronic  persistent  airflow 
obstruction  and  thereby  mimic 
chronic  bronchitis  and  emphysema 
(COPD). 

Exercise  Performance  and  Brea- 
thing Patterns  in  Cystic  Fibrosis: 
Male-Female  Differences  and  Influ- 
ence of  Resting  Pulmonary  Func- 
tion— DM  Orenstein.  PA  Nixon. 
Pediatr  Pulmonol  1991;  10: 101. 

Despite  improved  prognosis  for 
patients  with  cystic  fibrosis  (CF),  they 
continue  to  suffer  from  progressive 
decline  in  pulmonary  function  and 
exercise  tolerance.  Beyond  puberty, 
female  patients  have  greater  loss  of 
pulmonary  function  and  higher  mor- 
tality than  males,  yet  no  one  has  studied 
male-female    differences    in   exercise 


tolerance  among  patients.  We  therefore 
compared  the  responses  to  progressive 
exercise  in  58  male  and  52  female 
patients  with  CF  and  analyzed  the 
influence  of  resting  pulmonary  function 
and  gender  on  these  responses  and  on 
breathing  patterns  during  exercise. 
Within  each  of  three  pulmonary 
function  groups  (group  1 :  FEV,  ^  65% 
predicted:  group  2:  FEV,  =50-64% 
predicted:  and  group  3:  FEV,  <  50% 
predicted),  female  patients  had  lower 
exercise  tolerance  than  males.  This  was 
reflected  in  the  overall  group  for  each 
gender:  males'  peak  work  load  was 
130  +  64  W,  females'  111  ±32  W 
(p  =  0.04):  males'  peak  oxygen  con- 
sumption, 36.9  ±  1 1 .4  mL  •  kg  '  •  min  ' 
and  females',  3 1.0 ±7.4  niL-kg-' 
•min'  (p  =  ().(K)06).  There  was  no 
interactive  effect  between  gender  and 
pulmonary  function.  Neither  respira- 
tory rate  nor  tidal  volume  differed 
between  sexes.  Male  and  female 
patients,  irrespective  of  disease  sever- 
ity, employed  similar  proportions  of 
their  ventilatory  capacity  at  exhaustion; 
group  mean  minute  ventilation  to 
maximum  voluntary  ventilation  ratio 
ranged  from  62.9  to  78.3%,  with  no 
apparent  relationship  to  disease 
severity. 


Effect  of  Ethanol  on  the  Efficacy  of 
Nasal  Continuous  Positive  Airway 
Pressure  as  a  Treatment  for  Obstruc- 
tive Sleep  Apnea — RB  Berry,  MM 
Desa,  RW  Light.  Chest  1991:99:339, 

Tlie  effect  of  ethanol  ingestion  on  the 
efficacy  of  nasal  continuous  positive 
airway  pressure  (nasal  CPAP)  as  a 
treatment  for  the  obstructive  sleep 
apnea  (OSA)  syndrome  was  studied  in 
ten  obese  male  subjects  undergoing  this 
therapy.  On  the  first  night  of  polysom- 
nography, the  lowest  level  of  CPAP 
that  maintained  airway  patency  was 
determined  (critical  level).  On  the 
second  (control)  night  (C),  subjects 
slept  the  entire  night  on  this  level  of 
CPAP.  On  the  third  night  (E),  subjects 


ingested  either  1.5  mL/kg  (part  A, 
N  =  6)  or  2.0  mL/kg  (part  B.  N=4) 
of  50  percent  ethanol  (UK)  proof  vodka) 
over  one  half-hour  starting  1  h  before 
bedtime.  A  serum  ethanol  level  was 
obtained  at  bedtime  (part  A;  63.7  ±  17.3 
mg/dL;  part  B:  108.6  ±20.6  mg/dL), 
and  subjects  were  monitored  on  the 
critical  level  of  CPAP.  Comparison  of 
nights  C  and  E  for  parts  A  -(■  B  showed 
no  difference  in  total  sleep  time  (TST) 
or  the  amount  of  different  sleep  stages 
as  an  absolute  time  or  a  percentage  of 
TST  except  that  there  was  more  stage 
2  (as  a  percent  of  TST)  on  E  nights. 
The  apnea  -t-  hypopnea  index  and  C  and 
E  nights  did  not  differ  and  was  quite 
low  (3.6 ± 3.7/11  vs  l.9±2.7/h).  Sim- 
ilarly, ethanol  ingestion  did  not  increa.se 
the  number  of  desaturations  to  at  or 
below  90  and  85  percent,  or  lower  the 
mean  arterial  oxygen  saturation  in 
NREM  or  REM  sleep.  Analysis  of  parts 
A  and  B  separately  also  showed  no 
differences  with  respect  to  the 
apnea  +  hypopnea  index  or  the  number 
of  desaturations  on  control  and  ethanol 
nights.  We  conclude  that  acute  mod- 
erate ethanol  ingestion  does  not 
decrease  the  efficacy  of  an  optimum 
level  of  nasal  CPAP. 
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Editorials 


Accolades  for  Publicadon: 
The  ARCF  Awards  Program 


The  American  Respiratory  Care  Foundation 
(ARCF).  affirming  the  validity  of  the  notion  that 
one  of  the  marks  of  a  profession  is  the  Hterature 
unique  to  it.  is  estabhshing  an  ongoing  awards  pro- 
gram to  foster  and  reward  practitioner  publication 
in  Respiratory  Care  The  awards  for  1 99 1  are  made 
possible  through  the  generosity  of  Allen  &  Han- 
burys.  Division  of  Glaxo  Inc. 

Specifically,  for  1991  the  Allen  &  Hanburys 
Awards  are: 

(1)  S2,000  for  the  best  original  paper  (study,  eval- 
uation, or  case  report)  accepted  for  publication 
from  November  1990  through  October  1991.  This 
award  is  not  confined  to  papers  based  on  Open  For- 
um presentations. 

(2)  Four  awards  of  $1,000  each  for  papers  accepted 
for  publication  from  November  1990  through  Oc- 
tober 1991  based  on  1990  Open  Forum  presenta- 
tions. 

{?<)  Five  awards  of  $500  each  for  the  best  papers 
submitted  (not  published)  from  "never  published" 
in  R[:spiRATORY  Care  1991  Open  Forum  par- 
ticipants. The  author  must  present  the  abstract  at 
the  Annual  Meeting  and  must  submit  a  paper  based 
on  the  abstract  before  the  Annual  Meeting  (re- 
ceived in  the  Editorial  Office  by  December  1 ). 

As  was  the  case  in  1990.  any  1991  Open  Forum 
presenter  (or  co-author  designee)  will  receive  com- 
plimentary registration  for  a  paper  based  on  his 
1991  Open  Forum  abstract,  submitted  prior  to  or  at 
the  1991  Annual  Meeting. 

A  given  paper  (and  author)  is  not  eligible  for  both 
(I)  and  (2).  The  third  category  is  clearly  confined 
to  submissions  from  Open  Forum  participants  who 
have  nev'er  published  in  Respiratory  Care.  They 
iTiay  contend  for  ( 1 )  and  (2)  in  subsequent  years. 

Critics  may  ask.  Why  dangle  the  carrot  of  a  $.500, 
$1000,  or  $2000  award  in  front  of  an  investigator's 


nose?  Like  art,  isn't  research  for  research's  sake 
enough?  Isn't  publication  itself  enough?  Perhaps — 
but  respiratory  care  research  is  rarely  funded  by 
grants,  and  many  researchers  gather  data  and  write 
papers  not  "on  the  clock"  of  a  funded  research  posi- 
tion but  on  their  own  time  sandwiched  into  an  al- 
ready demanding  schedule.  For  many,  clerical  sup- 
port is  nonexistent. 

The  body  of  knowledge  built  bit  by  bit  from  the 
observations  of  its  practitioners  is  important  to  the 
respiratory  care  profession.  Implementing  a  sound 
study  design  and  gathering  data  can  be  difficult, 
but  writing  and  revising  the  related  paper  is  plain 
hard  work.  Data  never  legitimized  by  peer  review 
and  publication  is  "wasted."  With  the  Allen  &  Han- 
burys Awards,  the  ARCF  seeks  to  encourage  re- 
searchers to  convert  'the  abstract  to  the  concrete." 
One  need  only  glance  through  the  pages  of  Annual 
Meeting  Programs  or  Convention  issues  of  the 
Journal  to  see  the  evidence  of  wasted  data,  of  good 
work  begun  yet  never  completed.  Although  some 
studies  reported  in  abstracts  turn  out  to  be  too  weak 
to  ever  be  published  as  full  papers  (ie,  they  will  fail 
to  pass  the  scrutiny  of  reviewers),  many  sets  of  ad- 
equate and  potentially  valuable  data  die  aborning 
simply  because  the  studies  and  data  have  never 
been  fully  reported  and  submitted  for  publication. 

Allen  &  Hanburys,  the  ARCF,  the  Association, 
and  the  Journal's  Editorial  Board  and  Staff  seek  to 
encourage  that  'final  mile"  of  paper  preparation  and 
submission.  Evidence  of  the  vision  of  the  pro- 
fession and  the  Association's  early  leaders  is  the 
continued  presence  of  Respiratory  Care,  which  has 
recognized,  refereed,  and  recorded  such  observa- 
tions for  ahnost  as  long  as  the  profession  has  ex- 
isted. So,  it  is  appropriate  that  the  ARCF  use  the 
vehicle  of  the  Journal  to  further  the  development  of 
that  body  of  knowledge  and  unique  literature.  The 
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Journal's  Editorial  Board  and  Staff  have  over  the 
years  demonstrated  their  willingness  to  help  au- 
thors with  manuscript  preparation  and  revision,  and 
they  are  committed  to  continuing  to  do  so. 

How  will  choices  be  made?  By  the  consensus  of 
the  same  ARCF  contingent  that  reviews  grant  and 
scholarship  requests. 

When  will  awardees  be  notified?  Prior  to  the  An- 
nual Meeting,  to  allow  honorees  to  be  present  at  the 
Awards  Ceremony. 

Do  candidates  need  to  make  formal  application? 
No.  all  published  papers  in  each  category  will  be 
judged  automatically.  However,  authors  should 
note  their  eligibility  for  specific  categories  in  their 


cover  letter  to  avoid  any  possibility  of  being  over- 
looked. 

What  is  the  source  of  the  funding  for  the  awards? 
Generous  "no-strings"  educational  grants  from  Al- 
len and  Hanburys.  However,  the  grants  are  just 
that — no  strings — and  the  donors  will  not  dictate 
content,  review  papers,  or  participate  in  the  selec- 
tion process  in  any  way. 

Carrots?  Perhaps.  Awards  for  merit?  Absolutely! 


Pat  Brougher 

Editor 
Respiratory  Care 
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The  AARC  thanks 

Allen  &  Hanburys,  Div  of  Glaxo  Inc, 

for  its  generous  support  of  the 

1990  Respiratory  Care 

Conference  on  Respiratory  Care  of  Infants  and  Children 
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Allen  &  Hanburys 


DIVISION  OF  GLAXO  INC 


Qllben  S.  Mott,  Jr. 

Vice  President 
Marketing 


March  19,  1991 

American  Association  for  Respiratory  Care 
11030  Abies  Lane 
Dallas,   Texas   75229 

Dear  Journal  Readers: 

Allen  &  Hanbu.-ys  is  pleased  to  provide  you  with  the 
Proceedings  from  the  RESPIRATORY  CARE  1990  Journal 
Conference. 

We  hope  you  find  this  material  valuable  in  your  practice  of 
respiratory  care. 


\Jr. 


Rve  Moore  Drive.  Research  Triangle  Par*,  NC 27709  •  Totoix  802813  •  Telephone  (919)248-2500 
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sponsored  by 

The  American  Association  for  Respiratory  Care 
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from  Allen  &  Hanburys.  Div  of  Glaxo  Inc 


Chairmen  and 
Guest  Editors: 


Robert  L  Chatbum  RRT  and  Richard  J  Martin  MD 


Speakers: 


Jens  B  Andersen  MD 
Waldemar  A  Carlo  MD 
Robert  L  Chatbum  RRT 
Avroy  A  Fanaroff  MB 
Ronald  N  Goldberg  MD 
Christopher  G  Green  MD 
Thomas  A  Hazinski  MD 
Dean  R  Hess  MEd  RRT 


Alan  H  Jobe  MD 
Richard  J  Martin  MD 
David  M  Orenstein  MD 
P  Pearl  O'Rourke  MD 
Joseph  L  Rau  Jr  PhD  RRT 
John  W  Salyer  RRT 
Ann  R  Stark  MD 


Discussants:  The  chairmen,  the  speakers,  Thomas  A  Barnes  EdD  RRT, 

Sam  Giordano  MBA  RRT,  Paul  J  Mathews  Jr  MPA  RRT. 
Patricia  Beck  Koff  MEd  RRT.  and  Homer  Rodriguez  RRT 


1 .  Tom  Barnes  and  Ray  Masferrer 

12. 

Richard  Martin 

2.  Sam  Giordano  and  Gary  Peck 

13. 

Alan  Jobe 

3.  Ron  Goldberg 

14. 

Front  row:  Joe  Rau,  Homer  Rodriguez,  Patty 

4.  Wally  Carlo  and  David  Pierson 

KotT,  Rob  Chatburn.  Avroy  Fanaroff,  Richard 

5.  Pearl  O'Rourkc 

Martin.  Ann  Stark.  Middle  row:  Tom 

6.  John  Salyer  and  Rob  Chatburn 

Hazinski.  Pearl  O'Rourke.  Ross  Bower.  Tom 

7.  Paul  Mathews  and  Joe  Rau 

Barnes. Dean  Hess.  Pat  Brougher.  Wally  Carlo. 

8.  Doug  Mclntyre,  Patty  Koff,  David  Orenstein, 

Paul  Mathews.  Back  row:  David  Orenstein. 

Pearl  O'Rourke,  Chris  Green,  and  Ross 

Alan  Jobe.  Ron  Goldberg.  Jens  Andersen. 

Bower 

David  Pierson.  John  Salyer.  Douglas 

9.  Dean  Hess 

Mchityre,  Ray  Masferrer.  Gary  Peck.  Chris 

10.  Jens  Andersen  and  Homer  Rodriguez 

Green 

1 1.  Tom  Ha/inski,  Ann  Stark,  and  Avroy 

Fanaroff 

Conference  Proceedings 


Neonatal  and  Pediatric  Respiratory  Care: 
Some  Implications  for  Adult  Respiratory  Care  Practitioners 


Dean  Hess  MEd  RRT 


It  is  axiomatic  that  there  are  important  differences 
in  the  respiratory  care  of  adults,  children,  and 
neonates.  Differences  exist  in  anatomy,  pathophy- 
siology, and  treatment,  and  these  differences  make 
it  increasingly  difficult  for  the  respiratory  care 
generalist  to  remain  expert  in  all  aspects  of 
respiratory  care  from  neonatology  to  geriatrics. 
However,  there  is  also  overlap  between  the  care 
of  neonates,  children,  and  adults  (Fig.  1).  Within 
the  past  5-10  years  there  has  been  an  increasing 
tendency  for  respiratory  care  practitioners  to 
specialize  in  neonatal  and  pediatric  respiratory  care; 
as  a  result,  in  1991,  the  National  Board  for 
Respiratory  Care  (NBRC)  began  administering  a 
perinatal-pediatric  specialty  examination. 

I  am  primarily  an  adult-care  practitioner  and 
clinical  researcher.  As  such,  it  may  at  first  seem 
inappropriate  that  I  write  a  paper  such  as  this. 
However,  I  believe  that  practitioners  of  adult 
respiratory  care  can  learn  much  from  neonatal  and 
pediatric  respiratory  care.  Many  of  the  patients  seen 
by  practitioners  of  neonatal  and  pediatric  respiratory 
care  will  be  seen  later  in  life  by  adult-care 
practitioners.  Some  diseases  that  begin  in  childhood, 
such  as  asthma  and  cystic  fibrosis,  may  continue 
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York  College  of  Pennsylvania,  York,  Pennsylvania. 

A  version  of  this  paper  was  presented  by  Mr  Hess  on  December 
13,  1990,  at  the  Respiratory  Care  Journal  Conference  on 
Respiratory  Care  of  Infants  and  Children  held  in  Cancun, 
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Fig.  1 .  Overlap  among  neonatal  respiratory  care,  pediatric 
respiratory  care,  and  adult  respiratory  care. 


into  adulthood.  Also  a  number  of  technologic 
advances  in  neonatal  and  pediatric  respiratory  care 
have  later  affected  adult  respiratory  care. 


Postnatal  Pulmonary  Growth  and  Development 

Considerable  cell  multiplication  and  development 
in  the  lung  occurs  following  birth. '-^  At  birth,  the 
mass  of  the  human  lung  is  about  one  tenth  of  the 
mass  of  the  adult  lung.  Interestingly,  the  volume 
of  the  lung  increases  more  than  its  mass  so  that 
it  progressively  contains  more  air  per  gram  of  tissue. 
The  lungs  increase  in  inass  from  60  g  at  birth  to 
750  g  in  the  adult,  and  in  volume  from  250  mL 
at  birth  to  6000  mL  in  the  adult. 

A  considerable  increa.se  in  the  number  of  alveoli 
occurs  from  birth  to  adulthood  (Fig.  2).  In  the  early 
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Abbreviations  Used  in  This  Paper 

ARDS 

—      Adult  respiratory  distress 

syndrome 

BPD 

—      Bronchopulmonary 

dysplasia 

CF 

—      Cystic  fibrosis 

COPD 

—      Chronic  obstructive 

pulmonary  disease 

CPAP 

—      Continuous  positive 

airway  pressure 

CPT 

—      Chest  physiotherapy 

CRT 

—      Childhood  respiratory 

trouble 

ECMO 

—      Extracorporeal  membrane 

oxygenation 

FET 

—      Forced  expiration 

technique 

HFV 

—      High-frequency 

ventilation 

HFOV 

—      High  frequency 

oscillatory  ventilation 

ICU 

—      Intensive  care  unit 

LFPPV-ECCOjR 

—      Low-frequency 

positive-pressure 

ventilation  with 

extracorporeal  COt 

removal 

MDI 

—      Metered-dose  inhaler 

NBRC 

—      National  Board  for 

Respiratory  Care 

PCIRV 

—      Pressure-controlled 

inverse-ratio 

ventilation 

PEP 

—      Positive  expiratory 

pressure 

RDS 

—      Respiratory  distress 

syndrome 

RSV 

—      Respiratory  syncytial 

virus 

1960s,  Dunnil'5  estimated  on  the  basis  of  data  from 
a  single  newborn  lung  that  about  24  miiUon  alveoli 
are  present  at  birth,  compared  to  about  300  million 
alveoli  in  the  adult  lung.  More  recently  (1984), 
Langston  et  al''  studied  42  infants  and  found  the 
mean  number  of  alveoli  at  birth  to  be  50  million 
(with  SD  of  7.76  tnillion  and  range  9.60-148.84 
million).  Although  some  disagreement  among 
investigators  exists  over  the  number  of  alveoli 
present  at  birth. ^  all  agree  that  the  greatest  increase 
in  alveolar  numbers  occurs  during  the  tirst  2  years 
of  life.  Alveolar  multiplication  slows  considerably 
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Fig.  2.  The  total  number  of  alveoli  (Nat)  plotted  against 
age,  as  found  by  different  investigators.  The  range  in 
normal  adults  is  shown  at  the  right  (from  Reference  4). 

by  about  8  years  of  age,  but  may  not  cease  until 
somatic  growth  stops.  Alveolar  multiplication,  more 
than  alveolar  eniargetnent,  contributes  to  the 
increase  in  lung  volume  that  occurs  during 
childhood.  Lung  volume  increases  about  23  times, 
the  number  of  alveoli  increases  by  about  10  times, 
and  the  intra-alveolar  distance  increases  by  about 
one  third.  Although  it  is  well  known  that  alveoli 
multiply  for  some  years  following  birth,  very  little 
is  known  about  how  this  relates  to  early  childhood 
disease. 

It  is  also  of  interest  to  compare  the  resistance 
to  gas  flow  through  central  and  peripheral  airways 
in  children  and  adults.  Using  a  retrograde-catheter 
technique,  Hogg  et  aP  have  reported  that  the 
resistance  to  gas  flow  through  central  airways 
changes  very  little  with  age.  Resistance  through 
peripheral  airways,  however,  decreases  considerably 
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(ie,  conductance  increases)  at  about  5  years  of  age 
(Fig.  3).  In  other  words,  the  bronchioles  of  small 
children  are  responsible  for  a  greater  proportion  of 
total  resistance  than  are  the  bronchioles  of  adults. 
This  has  been  u.sed  to  explain  the  greater  prevalence 
of  diseases  such  as  bronchiolitis  in  children  <  5 
years  of  age. 
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Fig.  3.  Change  in  conductance  of  central  and  peripheral 
air\/vays  per  gram  of  lung  tissue  witfi  age.  (Adapted,  with 
permission,  from  data  in  Reference  7.) 

Pores  of  Kohn  and  Canals  of  Lambert  are  deficient 
both  in  size  and  number  in  the  infant  lung.^  For 
this  reason,  obstructive  lung  disease  may  be  more 
likely  to  lead  to  patchy  atelectasis  in  infants. 

From  a  respiratory  care  standpoint,  it  is  of  value 
to  know  at  what  age  bronchospasm  first  occurs. 
In  a  morphometric  study,  Matsuba  and  Thuribeck'* 
found  that  the  proportion  of  muscle  in  the  major 
bronchi  was  the  same  in  children  and  in  adults, 
but  the  proportion  of  muscle  in  the  small  airways 


was  smaller  in  children  than  in  adults.  Lenney  and 
Milner'"  evaluated  the  response  to  nebulized 
salbutamol  in  32  wheezing  children  aged  7  months 
to  43  months.  They  found  that  no  child  under  18 
months  showed  a  drop  in  airways  resistance  >  5 
%,  suggesting  that  these  children  did  not  respond 
to  salbutamol  with  bronchodilation.  Studies  such 
as  this  lead  some  to  believe  that  bronchial  smooth 
muscle  is  not  present  in  children  under  18  months 
of  age;  however,  others  have  found  results 
contradictory  to  this.  Tapper"  studied  10  healthy 
male  infants  with  a  mean  age  of  8.1  months  (range 
3.5-14.5  months)  by  measuring  the  response  to 
methacholine  and  metaproterenol.  He  found  that  use 
of  methacholine  resulted  in  decreased  expiratory 
flow  in  the  infants,  and  that  the  flows  returned  to 
baseline  following  administration  of  metaproterenol 
(Fig.  4).  Motoyama  et  al'-  found  a  severe  degree 
of  lower  airway  obstruction  in  premature  infants 
who  had  developed  bronchopulmonary  dysplasia  by 
3-4  weeks  of  postnatal  age.  Inhalation  of  nebulized 
isoetharine  was  associated  with  a  dramatic  increase 
in  expiratory  flow.  The  most  premature  infant  with 
demonstrated  airway  reactivity  in  that  study  was 
26  weeks  postconception,  and  the  youngest  was  12 
days  old.  These  results  suggest  that  infants  do 
develop  bronchospasm  and  that  this  bronchospasm 
is  responsive  to  aerosolized  bronchodilators.  Others 
have  reported  airway  responsiveness  in  infants  to 
challenges  with  histamine' ^'^  and  cold,  dry  air.'^ 

Neonatal  and  Pediatric  Respiratory  Disease 

Respiratory  Distress  Syndrome 

The  respiratory  distress  syndrome  (RDS)  in  infants, 
which  has  also  been  called  hyaline  membrane  disease 
(HMD)  and  idiopathic  respiratory  distress  syndrome 
(IRDS),  is  a  common  cause  of  morbidity  and  mortality 
in  premature  infants.""-''*  In  the  United  States,  nearly 
5,000  infants  die  each  year  due  to  RDS.  As  an  adult- 
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Fig.  4.  An  illustration  of  the  change 
in  the  expiratory  flow  curve  of  an  infant 
at  baseline,  after  administration  of 
methacholine,  and  after  administration 
of  metaproterenol.  (Reprinted,  with 
permission,  from  Reference  11.) 
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care  practitioner,  it  is  of  interest  to  me  to  contrast 
infant  RDS  with  the  adult  respiratory  distress 
syndrome  (ARDS)  (Table  1  ).="->*  Both  infant  RDS 
and  ARDS  result  in  shunting,  hypoxemia,  and 
decreased  lung  compliance.  Both  are  treated  with 
positive-pressure  ventilation,  iind  both  are  associated 
with  a  relatively  high  mortality  rate.  However,  the 
pathophysiology  of  infant  RDS  is  associated  with  a 
deficiency  of  surfactant  in  the  immature  lung,  whereas 
ARDS  is  usually  associated  with  an  insult  to  the  lung 
such  as  occurs  with  sepsis,  aspiration,  or  trauma.  A 
signitlciuit  number  of  infants  with  RDS  who  survive 
develop  the  chronic  disease  bronchopulmonary 
dysplasia  (BPD).  On  the  other  hand,  patients  with 
ARDS  who  survive  usually  do  not  develop  chronic 
pulinonary  disease.  In  spite  of  the  similarities  between 
infant  RDS  and  ARDS,  they  are  quite  different  disease 
processes. 


Table  1 .  Comparison  of  RDS  and  ARDS 


RDS 


ARDS 


Surfactant  deficiency 

Decreased  lung  compliance 

Intra-/extrapulmonary  shunting 

Hypoxia 

Responds  to  positive  pressure 

High  mortality 

Chronic  pulmonary  disease 
(BPD)  common  following 
resolution 


Insult  to  lung  parenchyma 

Decreased  lung  compliance 

Intrapulmonary  shunting 

Hypoxia 

Responds  to  positive  pressure 

High  mortality 

Chronic  pulmonary  disease 
rare  following  re.solution 


It  is  of  interest  to  note  that  ARDS  can  occur 
in  pediatric  patients. -'^-^^  ARDS  in  pediatric  patients 
occurs  in  the  same  form  as  it  does  in  adults.  ARDS 
has  been  noted  in  pediatric  patients  as  young  as 
2  weeks  of  age.  Pediatric  ARDS  may  occur  at  a 
rate  of  8.5-10.4  cases  per  1,(X)()  pediatric  intensive- 
care-unit  admissions,  and  may  have  a  mortality  rate 
as  high  as  60%.  Treatment  for  ARDS  in  children, 
as  in  adults,  is  supportive  and  includes  supplemental 
oxygen  administration,  positive-pressure  ventila- 
tion, and  PEEP.  In  ARDS,  structural  and  liiiictional 


derangements  are  partially  reversible,  and  residual 
abnormalities  are  minimal.-*^-"  However  the  long- 
tenn  sequelae  of  surviving  ARDS  may  be  more 
common  and  more  serious  in  children  than  in 
adults.'^ 

Bronchopulmonary  Dysplasia 

Bronchopulmonary  dysplasia  was  first  described 
by  Northway  et  al^''  in  1967  and  since  then  has 
become  recognized  as  an  important  neonatal  and 
pediatric  respiratory  disorder.-*"-*"^  Although  strict 
definitions  of  BPD  differ,  a  liberal  definition 
includes  all  patients  who  remain  oxygen  dependent 
for  more  than  28  days  following  mechanical 
ventilation  during  the  first  weeks  of  life,  and  who 
have  persistent  increased  densities  on  chest 
radiograph.  Although  the  exact  incidence  is 
unknown,  it  is  probably  about  10-20%  of  all  infants 
with  RDS  who  require  mechanical  ventilation.'*'' ''" 
It  has  been  suggested  that  as  many  as  35,000  infants 
may  develop  BPD  each  year  in  the  United  States.''^ 
BPD  typically  develops  in  premature  infants  who 
require  oxygen  therapy  and  positive-pressure 
ventilation.  Once  it  has  developed,  infants  require 
mechanical  ventilation  and  oxygen  therapy  for 
prolonged  periods  of  time. 

Patients  with  BPD  have  chronic  pulmonary 
disease.  Clinically  they  are  chronically  hypoxemic, 
oxygen-dependent,  and  hypercapnic;  have  cor 
pulmonale,  frequent  respiratory  tract  infections, 
hyperinflation,  atelectasis,  and  wheezing;  require 
frequent  rehospitalizations;  and  are  at  risk  for  sudden 
infant  death  syndrome  (SIDS).  Many  of  these 
patients  are  discharged  from  the  hospital  on  long- 
temi  home  oxygen.  In  some  ways,  BPD  clinically 
resembles  chronic  obstructive  pulmonary  disease 
(COPD). 

The  long-term  outcome  of  infants  with  BPD  is 
unknown.  Several  studies'''  -''-''  conducted  on  children 
who  had  BPD  in  infancy  suggest  that  long-term 
respiratory  dysfunction  may  be  a  consequence  of 
BPD.  Bronchial  hyperreactivity  may  be  a  problem 
in  these  children.^''  Because  the  oldest  survivors  of 
BPD  are  not  yet  20  years  of  age,  the  adult  sequelae 
of  the  disease  are  not  known;  however,  it  is 
reasonable  to  expect  that  some  survivors  of  BPD 
may  carry  long-term  .sequelae  into  aduitiiood. 
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Cystic  Fibrosis 

Cystic  fibrosis  (CF)  is  tlie  most  common  genetic 
disease  of  Caucasian  populations.'"''  ''**  The  incidence 
of  CF  is  about  one  in  2,000  live  births,  and  the 
frequency  of  carriers  of  the  gene  is  about  1  in  20.'''' 
The  recent  discovery  of  the  CF  gene  opens  the 
possibilities  of  gene  therapy  and  the  development 
of  an  animal  model  to  study  the  disease.'''*  CF  is 
a  multisystem  disease,  affecting  exocrine  glands 
throughout  the  body.  CF  is  responsible  for  most 
cases  of  progressive  chronic  respiratory  disease  in 
the  first  3  decades  of  life,  most  cases  of  severe 
intestinal  malabsorption  in  children,  and  most  of 
the  pancreatic  insufficiency  and  intestinal  obstruc- 
tion due  to  meconium  ileus  in  newborns.  CF  is  also 
associated  with  many  cases  of  cirrhosis  of  the  liver, 
rectal  prolapse,  and  nasal  polyps. 

Although  CF  was  once  regarded  exclusively  as  a 
disease  of  newborns  and  small  children,  it  must  now 
also  be  considered  a  disease  of  young  adults.^"  ''''  In 
1968  the  median  survival  of  CF  patients  was  about 
7  years,  but  it  is  now  approaching  30  years.  The  reasons 
for  this  may  be  multifactorial  but  are  probably  related 
to  earlier  diagnosis  and  improved  treatment.  Because 
of  this  increased  survival,  clinicians  who  care  for  adult 
patients  need  to  be  familiar  with  the  care  of  CF  patients. 
Although  most  CF  cases  are  diagnosed  in  infancy 
and  early  childhood,  an  increasing  number  of  cases 
are  not  recognized  until  adulthood.  Huang  et  aF''  found 
that  5%  of  142  CF  patients  in  their  series  were 
diagnosed  between  the  ages  of  16  and  30  years. 

A  number  of  complications  may  exist  in  the  adult 
CF  patient  that  don't  exist  in  the  pediatric  CF  patient 
(Table  2).^'  Digital  clubbing  is  present  in  almost 
all  adults  with  CF,  and  a  number  of  these  patients 
develop  pulmonary  hypertrophic  osteoarthropathy. 
Nasal  polyps  are  present  in  48%  of  adults  with  CF, 
and  may  be  a  presenting  manifestation  of  the  disease 
before  apparent  pulmonary  disease.  Sinusitis  is 
present  in  90%  of  adults  with  CF  and  hemoptysis 
in  5-10%."  Although  spontaneous  pneumothorax 
rarely  occurs  in  children  less  than  10  years  of  age 
who  have  CF,  it  may  occur  in  as  many  as  20% 
of  CF  patients  over  the  age  of  14  years.  Intestinal 
obstruction,  cirrhosis,  and  glucose  intolerance  are 
also  associated  with  CF  in  adults.  About  95%  of 
men  and  boys  with  CF  are  sterile.  Women  and  girls 


with  CF  can  become  pregnant,  and  over  150 
pregnancies  of  CF  patients  have  been  reported.  The 
mortality  of  pregnant  women  with  CF  is  no  higher 
than  the  mortality  of  nonpregnant  women  with  CF; 
however,  there  is  a  higher  than  expected  rate  of 
preterm  births,  perinatal  deaths,  and  maternal 
complications  among  CF  women. ^** 

Table  2.  Complication.s  of  Cystic  Fibrosis  in  Adult  Patients* 


Complication 
(%  of  Patients) 


Treatment 


Pulmonary  hypertrophic 
osteoarthropathy  (5%) 

Nasal  polyps  (48%) 


Sinusitis  (90%) 
Hemoptysis  (5-10%) 

Pneumothorax  (19%) 
Intestinal  obstruction  (17%) 

Cirrhosis  (2-5%) 
Glucose  intolerance  (9%) 
Infertility  in  males  (95%) 


Analgesics,  anti- 
inflammatories 

Topical  nasal  steroids, 

surgery 

Antibiotics,  surgery 

Antibiotics,  transfusion, 
bronchoscopy,  emboli- 
zation, lobectomy 

Chest  tube,  obliteration 
of  pleural  space 

GoLytely  or  Colyte 
solution:  Hypaque  or 
Gastrographin  enema 

Shunt  if  portal  hypertension 

Diet,  insulin 

Counseling 


*Adapted,  with  permission,  from  Reference  71. 


Pediatric  Asthma 

Using  the  definition  recommended  by  the 
American  Thoracic  Society,™  asthma  is  a  disease 
characterized  by  increased  responsiveness  of  the 
airways  to  various  stimuli  that  is  manifested  by 
widespread  narrowing  of  the  airways,  which 
changes  in  severity  either  spontaneously  or  in 
response  to  therapy.  Asthma  is  a  disease  that  occurs 
in  infancy,  childhood,  and  adulthood  (Fig.  5). '*"'*- 
In  1988,  4,580  persons  died  of  asthma  in  the  United 
States.**'  Asthma  mortality  has  increased  slightly 
over  the  past  decade  (Fig.  6).  The  asthma  death 
rate  in  blacks  is  almost  three  times  greater  than 
that  in  whites. 
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Fig.  5.  Distribution  of  physician  visits  for  asthma  by  patient 
age  from  July  1988  to  June  1989.  (Adapted,  with 
permission,  from  data  in  Reference  82.) 


The  onset  of  childhood  asthma  usually  occurs 
in  the  first  few  years  of  life.  One  third  of  these 
children  will  have  their  first  symptoms  before  the 
age  of  2  years,  and  80%  will  develop  symptoms 
before  the  age  of  5  years. ^^■**'*  An  estimated  5-10% 
of  children  experience  asthma.  The  mortality  of 
pediatric  asthma  is  relatively  low;  about  400  young 
persons  between  the  ages  of  5  and  34  years  died 
of  asthma  in  1985  in  the  United  States.'*''  Asthma 
is  the  leading  cause  of  childhood  disability,  and 
its  prevalence,  morbidity,  and  mortality  have  been 
increasing.  Asthma  is  a  major  cause  of  school 
absenteeism.  In  Baltimore,  Mak  et  al**"  found  that 
nearly  50%  of  children  with  active  disease  missed 
6  days  or  more  of  the  school  year  due  to  their  asthma. 
Prior  to  puberty,  asthma  is  more  prevalent  in  boys 
than  in  girls,  but  this  sex  ratio  may  reverse  in  older 
children.  The  tendency  or  predisposition  for 
childhood  asthma  is  often  inherited,  but  the 
inheritance  is  complex  and  is  probably  multifactorial 
and  polygenic. 

A.sthma  has  been  classically  categorized  as  either 
extrinsic  asthma  or  intrinsic  asthma.*"  In  extrinsic 
asthma,  patients  tend  to  be  younger,  and  to  have 
a  personal  and  family  history  of  allergy,  increased 
sputum  and  blood  eosinophils,  increased  serum  IgE, 
and  positive  skin  tests  for  a  variety  of  allergens. 
In  intrinsic  asthma,  the  patients  are  older,  with  no 
hi.story  of  allergy.  Sputum  eosinophils,  but  not  scrum 
eosinophilia,  may  be  present,  and  skin  tests  for 
allergens  are  nonspecific.  Extrinsic  asthma  tends 


to  be  .stimulated  by  allergens,  whereas  intrinsic 
asthma  tends  to  be  stimulated  by  viral  infection. 
Intrinsic  asthma  tends  to  be  more  difficult  to  treat 
than  extrinsic  asthma.  Although  many  pediatric 
asthmatics  tend  to  have  an  extrinsic  asthma,  intrinsic 
factors  are  often  important  as  well. 

Asthma  is  probably  a  disease  of  infants  as  well 
as  children  and  adults.  However,  many  clinicians 
do  not  consider  infants  who  wheeze  in  response 
to  respiratory  tract  infection  to  be  asthmatic.™-^' 
These  infants  are  often  referred  to  as  having 
"wheezy  bronchitis,"  "asthmatic  bronchitis," 
"pseudoasthma,"  or  "spastic  bronchitis."  It  has 
recently  been  suggested**^  that  infants  with  recurrent 
wheezing  have  a  common  underlying  basic  disorder, 
regardless  of  the  precipitating  cause  and  should  be 
called  asthmatic.  In  infants,  the  most  common 
precipitant  of  wheezing  is  viral  infection,  and  the 
most  common  virus  is  the  respiratory  syncytial  virus 
(RSV).  RSV  is  also  a  common  cause  of  bronchiolitis 
infants  2-6  months  of  age.  It  has  been  suggested^-^ 
that  infants  with  repeated  attacks  of  bronchiolitis 
should  be  considered  asthmatic.  In  children,  as  well 
as  adults,  it  is  important  to  appreciate  that  all  that 
wheezes  is  not  asthma.  In  infants  with  first-time 
wheezing,  it  is  important  to  consider  other  causes 
of  wheezing  such  as  bronchiectasis  and  congenital 
vascular  anomalies. 
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Fig.  6.  Trends  in  asthma  mortality,  U.S.  age-adjusted 
death  rates,  1979-1987.  (Reprinted,  with  permission,  from 
data  in  Reference  82.) 

The  lay  public  and,  perhaps,  many  hcailh-care 
practitioners  believe  thai  most  children  with  asthma 
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will  outgrow  their  disease  during  adolescence. 
However,  many  persons  with  childhood  asthma  will 
carry  the  disease  with  them  into  adulthood.**'*-^^'^^ 
It  may  be  that  children  outgrow  their  pediatricians 
rather  than  their  asthma.  Many  asthmatics  seen  by 
pediatric-care  practitioners  will  be  seen  by  adult- 
care  practitioners  later  in  life.  Long-term  remission 
may  occur  in  many  pediatric  asthmatics,  with  the 
likelihood  of  long-term  remission  being  greatest  in 
children  with  mild  disease. 

Pediatric  asthma  is  a  psychosocial  as  well  as 
respiratory  disease,  affecting  the  family  as  well  as 
the  asthmatic.'*''''^  A  number  of  successful  programs 
have  been  developed  to  address  the  psychosocial 
aspects  of  this  disease,  including  the  "Superstuff" 
education  program  available  through  the  American 
Lung  Association,  community  family  asthma 
education  and  support  programs,  and  summer 
asthma  camps.^^ 


Croup  and  Epiglottitis 

Croup  is  the  most  common  cause  of  airway 
obstruction  in  children,*^^'™  and  occurs  primarily 
in  children  3  months  to  5  years  of  age  (mean  18 
months)  because  of  the  very  small  size  of  the  cricoid 
ring  and  other  subglottic  structures  in  these  children. 
Croup  is  most  commonly  caused  by  a  viral  infection 
(eg,  parainfluenza  virus  Type  I)  in  the  subglottic 
region  of  the  larynx.  The  occurrence  of  croup  is 
seasonal,  with  an  increase  in  cases  beginning  in 
autumn  and  continuing  into  the  winter  months. 
Croup  often  follows  an  upper-respiratory  tract 
infection.  Signs  of  croup  include  a  'croupy"  barking 
cough,  stridor,  dyspnea,  nasal  flaring,  varying 
amounts  of  fever,  and  minimal-to-severe  labored 
breathing.  Although  many  children  with  croup  do 
not  require  hospitalization,  it  does  account  for  about 
20,000  hospital  admissions  per  year  in  the  United 
States.*^*^  The  treatment  of  croup  often  involves  the 
use  of  humidified  air  or  oxygen  and  aerosolized 
racemic  epinephrine.  Of  those  children  hospitalized 
with  croup,  l-57r  require  intubation.'''^ 

Epiglottitis  is  much  less  common  than  croup. ""^'f" 
In  contrast  to  croup,  epiglottitis  is  an  acute,  rapidly 
progressing,  fulminant  bacterial  inflammation  of  the 
supraglottic  structures.  Epiglottitis  quickly  produces 
inspiratory  airway  obstruction,  requiring  intubation 


or  tracheostomy.  It  is  usually  caused  by  Hemophilus 
influenza  and  occurs  in  children  2  to  7  years  of  age. 
Children  with  epiglottitis  have  dysphagia,  drooling, 
dysphonia,  and  inspiratory  respiratory  distress 
(sometimes  called  the  four  Ds).  Laryngoscopy  is  often 
not  recommended  because  it  can  worsen  the  airway 
obstruction,  and  lateral  neck  radiographs  are  often 
not  recommended  because  they  can  delay  the  securing 
of  a  patent  airway.  As  soon  as  the  diagnosis  of 
pediatric  epiglottitis  is  made,  the  patient  should  be 
transferred  to  the  operating  room  where  intubation 
or,  if  necessary,  tracheotomy  can  be  performed. 
Appropriate  antibiotics  are  also  used  in  the  treatment 
of  epiglottitis. 

It  is  not  often  appreciated  that  epiglottitis  can 
affect  adults  as  well  as  children.  Over  500  cases 
of  adult  epiglottitis  have  been  reported  in  the 
literature. '02  A  number  of  recent  reviews  have  drawn 
additional  attention  to  the  occurrence  of  adult 
epiglottitis,'"-  "-  and  it  has  been  speculated  that 
George  Washington  may  have  died  from  epiglot- 
titis.'"^.lo.^  Adult  epiglottitis  may  be  commonly 
misdiagnosed  in  the  emergency  department.  Signs 
and  symptoms  of  adult  epiglottitis  include  sore 
throat,  dysphagia,  respiratory  distress,  muffled  voice 
or  hoarse  speech,  drooling,  and  stridor.  In  contrast 
to  pediatric  epiglottitis,  adult  epiglottitis  often  takes 
a  much  more  benign  course.  Although  those  caring 
for  adult  patients  with  epiglottitis  should  be  prepared 
to  secure  an  airway  by  intubation  or  tracheostomy, 
airway  management  is  often  not  required.  Indirect 
laryngoscopy  and  lateral  neck  radiographs  can  be 
used  to  make  the  diagnosis.  Although  Hemophilus 
influenza  is  often  associated  with  adult  epiglottitis, 
the  organism  is  not  isolated  from  blood  or 
pharyngeal  secretions  in  many  of  these  patients. 
Many  adults  with  epiglottitis  can  be  treated 
medically  with  intravenous  antibiotics,  steroids, 
hydration,  mist  oxygen,  and  intensive  care 
monitoring  for  signs  of  worsening  airway  obstruc- 
tion and  the  need  for  intubation  or  tracheostomy. 

Neonatal  and  Pediatric 
Respiratory  Care  Technology 

Aerosolized  Medications 

As  in  adult  respiratory  care,  techniques  of 
bronchopulmonary  hygiene  are  commonly  used  in 
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the  care  of  neonatal  and  pediatric  patients,  including 
aerosol  therapy  and  chest  physiotherapy  (CPT). 
Although  similarities  in  the  treatment  of  children 
and  adults  exist,  there  are  differences  as  well.  Mist- 
tent  therapy  is  one  example  of  a  treatment  used 
in  children  that  is  almost  never  used  in  adults. 

Aerosolized  bronchodilators  are  commonly  used 
in  children  with  asthma'"  '-"  and  have  also  been 
shown  to  be  beneficial  in  children  with  BPD.'-' 
These  aerosols  can  be  administered  by  small-volume 
nebulizer,  metered  dose  inhaler  (MDI),  or  dry 
powder  inhaler.  In  children  less  than  5  years  of 
age,  small-volume  nebulizers  are  most  commonly 
used,  although  the  use  of  MDI  with  auxiliary  spacer 
device  has  been  described.'--'-'  Many  children  over 
5  years  of  age  can  use  an  MDI  correctly.  In  those 
children  who  cannot  use  an  MDI  effectively,  a 
spacer  device  can  be  used.'-'*'-*  Dry-powder 
inhalers  have  only  recently  become  available  in  the 
United  States,  and  few  data  are  available  regarding 
their  usefulness. 

Betai-agonists,  anticholinergics,  cromolyn 
sodium,  and  steroids  have  all  been  reported  to  be 
of  benefit  in  treating  children  with  reactive  airways 
disease. '27-1^^  One  of  the  greatest  differences 
between  the  use  of  these  medications  in  children 
(particularly  infants)  and  adults  is  related  to  dosage. 
Although  appropriate  dosages  of  these  drugs  are 
well  known  for  adults,  appropriate  dosages  have 
not  been  established  for  infants. '''^  In  children  with 
acute  asthma,  frequent  or  continuous  beta-agonist 
therapy  has  been  recommended.'-^5-'39  Some  children 
with  asthma  also  use  aerosolized  bronchodilators 
at  home, '■*''•''*'  although  some  authors  have 
expressed  concern  that  this  may  result  in  delayed 
recognition  of  the  need  for  medical  assistance  during 
acute  exacerbations. 

Several  aerosolized  medications  are  used  more 
commonly  in  infants  and  children  than  they  are  in 
adults.  For  example,  aerosolized  ribavirin  is  used 
to  treat  children  with  RSV. '■*-'■"  This  therapy 
requires  the  use  of  a  specialized  nebulizer,  the  small 
particle  aero.sol  generator  (SPAG).''''''^''  Ribavirin 
can  be  administered  via  hood,  tent,  face  mask,  or 
mechanical  ventilation.'-*^  The  use  of  ribavirin 
aerosol  in  elderly  volunteers  at  risk  for  intlucnza 
has  also  been  described,''*"  but  is  not  currently 
recommended.   Considerable   controversy   exists 


regarding  the  use  of  ribavirin,  including  determi- 
nation of  the  appropriate  patients  to  be  treated  with 
ribavirin  and  the  effects  of  ribavirin  exposure  on 
the  health-care  provider. '•*'^  Aero.solized  antibiotics 
are  occasionally  used  in  the  treatment  of  Pseudom- 
onas  aeruginosa  infections  in  children  with  cystic 
fibrosis;'"'"-'-'''  however,  appropriate  dosage  and 
treatment  frequency  are  uncertain  at  this  time. 
Aerosolized  amiloride,  a  diuretic  and  sodium- 
channel  blocker,  has  been  shown  to  enhance  mucus 
clearance  in  patients  with  cystic  fibrosis  and  has 
potential  as  a  mucolytic  agent  in  these  patients. '■''-*'55 

Bronchopulmonary  Hygiene 

CPT  is  commonly  used  in  children  with  CF,'''* 
although  for  this  purpose  its  usefulness  has  been 
questioned.'"  CPT  has  been  reported  to  be 
beneficial  in  neonates:  Finer  and  Boyd'-^**  reported 
improvement  in  oxygenation  following  CPT,  Etches 
and  Scott  '''  reported  increased  secretion  removal 
following  CPT,  and  Finer  et  al'*"  reported  a  lower 
incidence  of  postextubation  atelectasis  in  infants 
receiving  CPT.  However,  the  use  of  routine  CPT 
in  premature  infants  with  RDS  is  controversial, 
particularly  because  many  of  these  babies  do  not 
have  excessive  secretions  and  because  handling  of 
these  babies  can  result  in  hypoxemia. 

Several  fonns  of  therapy  have  been  described 
as  alternatives  or  supplements  to  CPT  in  the 
treatment  of  CF.  These  include  use  of  a  positive 
expiratory  pressure  (PEP)  mask,"''"'^  autogenic 
drainage,"'**  forced  expiration  technique  (FET),'*'' 
and  chest-wall  oscillation.'™'''-'  PEP-mask  therapy 
involves  expiration  against  a  fixed  resistance,  so 
that  positive  pressure  remains  in  the  lungs  at  end- 
exhalation.  It  has  been  suggested  that  this  may 
improve  collateral  ventilation  and  in  that  way  aid 
in  the  removal  of  secretions.  Several  studies  "''-K'-^ 
have  reported  significantly  greater  sputum  expec- 
toration with  PEP  than  with  CPT.  However,  others 
have  found  no  difference  in  sputum  elimination 
between  the  two  therapies,"'-*  and  more  sputum 
expectoration  with  CPT  than  with  PEP."''^  Autogenic 
drainage  is  a  technique  designed  to  produce  the 
highest  possible  airflow  in  different  generations  of 
bronchi  by  a  three-phase  controlled-breathing 
program."''*  FET  consists  of  one  or  two  huffs  (forced 
expirations    from    midlung    volume   to    low    lung 
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volume),  followed  by  a  period  of  diaphragmatic 
breathing."'''  Chest-wall  oscillation,  using  a 
Pneumoband  or  vibrating  pad  that  encircles  the  chest 
wall,  has  also  been  described  as  a  technique  to 
facilitate  mucus  clearance.'™''''*  The  principal 
advantage  of  these  techniques  seems  to  be  that  they 
can  be  performed  by  a  patient  without  the  assistance 
of  another  person.  However,  they  also  require 
considerable  patient  instruction  and  motivation. 
Although  these  techniques  have  achieved  .some 
popularity  in  Europe,  none  is  currently  used  widely 
in  the  United  States.  Clearly,  further  research  is 
necessary  to  evaluate  these  techniques. 

Positive-Pressure  Breathing 

Positive-pressure  breathing  is  commonly  used  in 
neonates,  children,  and  adults  with  respiratory 
failure.  There  are  several  aspects  of  this  therapy 
that  are  interesting  to  compare  in  relation  to  adult 
and  pediatric  respiratory  care,  including  the  use  of 
continuous  positive  airway  pressure  (CPAP), 
pressure-controlled  inverse-ratio  ventilation 
(PCIRV),  and  high-frequency  ventilation  (HFV). 
CPAP  was  described  by  Gregory  et  al'"  in  1971 
to  treat  infants  with  RDS.  Since  that  time,  CPAP 
has  been  applied  to  infants  by  a  variety  of  techniques 
including  the  use  of  nasal  prongs,  nasal  and  face 
masks,  hoods,  and  endotracheal  tubes.  It  is  my 
impression  that  the  popularity  of  neonatal  CPAP 
has  waxed  and  waned  over  the  past  15  years  and 
that  its  current  popularity  may  be  attributed  to 
reports  >76-i79  Qf  lower  BPD  incidence  in  centers 
where  CPAP  is  used  to  minimize  the  need  for 
mechanical  ventilation.  In  these  reports  it  has  been 
suggested  that  the  risk  of  BPD  can  be  decreased 
by  allowing  Pacoi  to  rise  above  the  physiologic 
range  in  low-birthweight  infants.  Although  CPAP 
is  also  useful  in  some  adults  with  acute  respiratory 
failure  who  are  not  intubated,"*"  this  therapy  is  not 
commonly  used.  It  has  recently  been  shown  that 
nasal-mask  CPAP  may  be  useful  for  treating  some 
adults  with  respiratory  failure, '^'''^'*  and  nasal-mask 
ventilation  has  been  successfully  used  in  adults  in 
some  centers."*''-"^''  Although  the  use  of  positive 
pressure  in  nonintubated  adults  is  now  recognized 
as  a  viable  treatment  modality,  it  seems  to  me  that 
neonatal-respiratory-care  clinicians  have  been  (and 
perhaps  still  may  be)  ahead  of  adult-care  clinicians 


with  this  therapy. 

Virtually  all  neonatal  mechanical  ventilators  use 
.some  form  of  pressure-controlled  ventilation,  rather 
than  the  volume-controlled  ventilation  used  with 
adults.  In  the  early  1970s,  Reynolds  ct  al '"'"'" 
showed  that  limiting  the  pressure  during  the 
inspiratory  phase  of  neonatal  ventilation  decreased 
the  risk  of  barotrauma  and  BPD.  They  also 
advocated  the  use  of  prolonged  inspiratory  times, 
with  the  use  of  inverse  1-E  ratios  if  needed  to 
maintain  oxygenation.  It  is  unclear  whether 
Reynolds  et  al  appreciated  the  role  of  auto-PEEP 
during  this  form  of  ventilation,  but  others  recognized 
the  relationship  between  mean  airway  pressure, 
oxygenation,  and  barotrauma.  I  believe  that 
neonatal-respiratory-care  practitioners  probably 
appreciated  the  mechanical  and  physiologic  effects 
of  mean  airway  pressure  before  their  adult-care 
colleagues.''"''''-''  It  is  interesting  to  note  that 
although  the  use  of  prolonged  inspiratory  times  and 
inverse-ratio  ventilation  seems  to  have  become  less 
popular  for  neonatal  mechanical  ventilation,  it  has 
recently  been  advocated  for  the  treatment  of 
ARDS.'""  '"''  However,  use  of  this  method  of 
ventilation  in  the  treatment  of  ARDS  has  been 
criticized, -00-202  gj^j  jj^  future  role  in  adult 
mechanical  ventilation  is  unclear. 

Considerable  interest  in  the  use  of  HF^  was  seen 
in  the  early-to-mid  1980s,  and  this  subject  has  been 
exhaustively  reviewed  elsewhere. -"''-^o^  In  adult 
respiratory  care,  interest  in  HFV  seems  to  have 
decreased,  particularly  because  randomized  clinical 
trials  have  failed  to  show  HFV  to  be  clearly  superior 
to  conventional  ventilation  (CMV)  in  the  treatment 
of  patients  with  ARDS.-"*<  -'"  The  current  role  of  HFV 
in  adults  is  unclear.  Several  commercially  available 
neonatal  ventilators  are  capable  of  providing  HFV. 
It  has  been  shown  in  neonates  with  RDS  that  HFV 
can  maintain  pulmonary  gas  exchange  comparable 
to  that  maintained  by  CMV,  but  at  lower  mean  airway 
pressures. -"-1 2  Theoretically,  the  ability  of  HFV  to 
maintain  adequate  gas  exchange  at  lower  mean  airway 
pressures  should  decrease  the  risks  of  barotrauma 
and  BPD.  However,  a  multicenter  randomized  clinical 
trial  that  compared  CMV  to  high-frequency 
oscillatory  ventilation  (HFOV)  in  preterm  infants  with 
respiratory  failure  found  no  difference  in  survival  or 
incidence  of  BPD  between  the  two  forms  of 
ventilation.-'^-'-*  Furthermore,  this  trial  found  that 
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HFOV  may  be  associated  with  undesirable  side  effects 
such  as  intracranial  hemorrhage. 

Monitoring 

Continuous  noninvasive  monitoring  of  respiratory 
function  has  been  used  for  many  years  in  neonatal 
ICUs.  Transcutaneous  monitoring  of  Pqj  has  been 
commonly  used  with  neonates  since  the  mid-1970s, 
and  transcutaneous  monitoring  of  Pco-.  has  been 
commonly  used  since  the  early  1980s.-'5"2'^ 
Impedance  apnea  monitoring  is  also  commonly  used 
in  neonates.  Noninvasive  monitoring  of  adults  was 
not  commonly  used  until  the  introduction  of  pulse 
oximetry  in  the  mid- 1 980s.  Although  pulse  oximetry 
is  now  commonly  used  with  neonates,-'**  223  jt  ^as 
been  criticized  because  of  its  inability  to  detect 
hyperoxemia.--'* 

Extracorporeal  Membrane  Oxygenation 

In  the  early  1970s,  there  was  initial  enthusiasm 
for  the  use  of  extracorporeal  membrane  oxygenation 
(ECMO)  in  the  treatment  of  adult  acute  respiratory 
failure.  However,  ECMO  was  virtually  abandoned 
in  the  care  of  such  adult  patients  following  the 
National  Institutes  of  Health  (NIH)  ECMO  trial,^^^ 
in  which  it  was  found  that  the  survival  of  patients 
treated  with  conventional  mechanical  ventilation 
(8.3%)  was  not  different  from  the  survival  of  patients 
treated  with  ECMO  (9.5%).  In  this  study,  however, 
ECMO  was  used  to  supplement  mechanical 
ventilation,  and  thus  the  lung  was  not  allowed  to 
rest  during  ECMO.  In  the  1980s,  Gattinoni  et  al 
described  a  technique  of  low-frequency  positive- 
pressure  ventilation  with  extracorporeal  COt 
removal  (LFPPV-ECCO.R).--^  -'^  During  LFPPV- 
ECCO.R  (Fig.  7),  CO2  is  removed  by  a  low-blood- 
flow  (25-30%  of  the  cardiac  output)  venovenous 
extracorporeal  circulation.  Arterial  oxygenation  is 
achieved  through  the  natural  lung  using  a  variant 
of  apneic  oxygenation.  LFPPV-ECCOiR  allows  the 
lung  to  rest  by  limiting  the  respiratory  rate  to  2- 
4/min  and  limiting  peak  pressures  to  35-45  cm  H.O 
(3.4-4.4  kPa).  High  survival  rates  have  been  reported 
using  LFPPV-ECCO1R  in  nonrandomized,  uncon- 
trolled applications  to  ARDS  patients. 22^'  However, 
until  controlled  studies  are  completed,  it  is 
premature   to    recommend    the    use   of   LFPPV- 
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Fig.  7.  Configuration  of  a  system  for  patient  support  with 
low-flow  positive-pressure  ventilation  and  extracorporeal 
CO2  removal  (LFPPV-ECCO2R).  (Repnnted,  with  permis- 
sion, from  Reference  229.) 


ECCOiR  in  adult  patients  with  acute  respiratory 
failure.-^^" 

Neonatal  ECMO  has  been  popularized  in  special- 
ized neonatal  units  equipped  to  perform  this 
procedure,  primarily  as  the  result  of  the  efforts  of 
Bartlett  et  al.--*-^'^  Neonatal  ECMO  is  designed  to 
allow  the  lungs  to  rest.  The  technique  uses 
cardiopulmonary  bypass  to  provide  gas  exchange 
(Fig.  8),  and  has  been  described  in  detail  elsewhere. 
In  brief,  catheters  are  passed  into  the  right  common 
carotid  artery  and  right  internal  jugular  vein  to  the 
right  atrium  (venoarterial  bypass).  A  roller  pump 
moves  blood  from  the  venous  circulation  through  a 
membrane  oxygenator  and  then  back  into  the  arterial 
circulation.  To  prevent  clot  fomiation,  the  technique 
requires  anticoagulation.  In  1988,  data  from  a  central 
neonatal  ECMO  registry  were  reported  that  sumniiir- 
ized  the  first  715  cases  from  18  centers.--*"  Of  the 
715  patients,  81%>  survived.  The  most  common 
diagnoses  of  these  patients  were  meconium  a.spiration 
(310  patients,  91%  survived),  respiratory  distress 
syndrome  (96  patients,  78%  survived),  diaphragmatic 
hernia  (121  patients,  65%  survived),  and  .sepsis  (64 
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patieiils.  72%  survived).  The  first  randomized  trial 
of  neonatal  ECMO--"  has  been  criticized  because  of 
its  statistical  approach.--*-  However,  another  more 
credible  randomized  trial--*'  reported  a  survival  of 
97%  in  HCMO-treated  babies  vs  a  survival  of  60% 
in  babies  treated  conventionally. 


Fig.  8.  Configuration  of  a  venoarterial  extracorporeal 
membrane  oxygenation  (ECMO)  system  that  utilizes 
cardiopulmonary  bypass  to  rest  the  lungs.  (Reprinted,  with 
permission,  from  Reference  229.) 


Surfactant  Administration 

Because  surfactant  deficiency  is  centra!  in  the 
pathophysiology  of  infant  RDS,  it  is  reasonable  to 
expect  that  surfactant  administration  might  be  useful 
in  the  treatment  of  this  disea.se.   However,   initial 


attempts  to  use  surfactant  replacement  therapy  in  the 
treatment  of  infant  RDS  were  unsuccessful,-^  either 
because  of  the  surfactant  prepiiration  that  was  used, 
or  because  the  preparation  was  aerosolized  rather  than 
instilled.--*"^  In  1980,  Fujiwara  et  al--'^'  first  described 
the  successful  use  of  exogenous  surfactant  in  the 
treatment  of  RDS.  In  the  1980s,  many  published  papers 
described  the  use  of  surfactiint  in  the  treatment  of 
RDS,--*^  -"''  and  the  subject  has  been  reviewed  in  detail 
elsewhere.254-267  ^  synthetic  lung  surfactant  for 
neonatal  use  has  been  approved  by  the  Food  and  Drug 
Administration  (FDA)  and  is  commercially  available 
(Exosurf,  Burroughs  Wellcome  Co,  Re.search  Triangle 
Park  NC).  Surfactant  can  be  admini.stered  at  birth 
(preventive  therapy)  or  after  the  development  of  RDS 
(rescue  therapy)  and  as  single  or  multiple  adminis- 
trations. The  results  thus  far  from  the  investigational 
use  of  surfactant  to  treat  RDS  in  infants  suggest  that 
there  is  an  improvement  in  oxygenation,  a  reduction 
in  ventilator  pressures,  a  reduction  in  mortality,  a 
reduction  in  intraventricular  hemorrhages,  and 
possibly  some  reduction  in  BPD  among  survivors. 

There  are  also  surfactant  changes  in  ARDS.-''**  -■" 
Many  of  the  constituents  of  permeability  pulmonary 
edema  (ARDS),  such  as  plasma  proteins,  are  capable 
of  biophysical  inhibition  of  alveolar  surfactant.  In 
ARDS,  there  may  also  be  a  decrea.se  in  the  production 
of  surfactant  by  alveolar  Type  II  cells.  For  these 
reasons,  there  is  interest  in  the  use  of  surfactant  in 
the  treatment  of  ARDS.  Richman  et  al-^-  instilled 
surfactant  in  three  patients  with  ARDS  and  found 
a  transient  increase  in  Pao,  in  two  patients  and  longer 
benefit  in  the  third.  Lachmann-^-^  also  reported  initial 
success  with  the  instillation  of  surfactant  in  one 
patient.  Several  animal  studies-^'*-''-''  have  suggested 
that  exogenous  surfactant  might  be  useful  in  the 
treatment  of  ARDS.  However,  Zelter  et  aP^^  were 
unable  to  detect  acutely  beneficial  effects  of 
aerosolized  artificial  surfactant  (Exosurf)  following 
oleic-acid  injury  in  sheep.  However,  it  is  of  interest 
that  Zelter  et  al  did  find  that  surfactant  administration 
provided  protection  against  some  of  the  consequences 
of  repeated  lung  injury.  One  of  the  problems  related 
to  surfactant  administration  in  adults  is  the  difficulty 
in  delivering  an  adequate  amount  of  the  drug  to  the 
lungs.  The  volume  of  surfactant  required  in  adults 
to  achieve  a  therapeutic  effect  has  been  estimated 
to  be  as  much  as  250-300  inL.  Delivery  of  this  volume 
as  a  bolus  is  likely  to  compromise  the  ARDS  patient. 
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Tabic  5.  Long-Term  Functional  Sequelae  of  Pneumonia  and  Croup* 


Authors — Study  Population 


Sample  Size  Follow-Up  Interval 


Abnormal  Findings 


Mok  et  al-"^— children  0.4- 1 1 J  y  of  age  n  =  50 

hospitalized  with  M  pneumoniae' 

Loughlin  ct  al-"-" — children  with  MD-  n  =  27 

diagnosed  croup  (community) 

Uurw  it7  et  al-"'^ — children  hospitalized  n  =   1 10 

with  croup 

Weiss  et  al-'^' — parental  report  of  croup  n  =   194 

or  bronchiolitis  age  5-9  y 


Age  1.5-9.5  y 


Mean  age  1 1 .4  y 


Age  9  y 


Age  12-16  y 
at  evaluation 


Abnonnal  He/O,  How-volume  curve  in 
nonasthmatics 

Increased  exercise-induced  bronchial 
lability 

Increased  RV  and  RV/TLC.  positive 
histamine  challenge  in  21% 

Children  with  croup  or  bronchiolitis 
twice  as  likely  to  have  bronchial 
responsiveness  to  cold  air 


Voter  et  aP"'*— boys  with  MD- 
diagnosed  history  of  lower  respiratory 
illness  before  age  6  y 


57 


*Adapted.  with  permission,  from  Reference  282. 


Age  1 1-22  y  Boys  with  two  or  more  episodes  of 

at  evaluation  wheezing  before  age  6  had  lower 

levels  of  performance  on  spirometry, 
but  no  increase  in  methacholine 
responsiveness 


may  affect  the  probability  of  developing  obstnactive 
lung  disease  later  in  life. 

The   Perinatal-Pediatric    Respiratory   Care 
Examination 

In  March  1991.  the  NBRC  offered  the  first 
Perinatal-Pediatric  Respiratory  Care  specialty 
examination.'"'"^'-  This  is  the  first  specialty 
examination  offered  by  the  NBRC,  and  it  recognizes 
the  specialized  knowledge  required  by  perinatal  and 
pediatric  respiratory-care  practitioners.  Considera- 
tion of  this  specialty  examination  began  with  a 
viability  study  in  1985.  In  1987,  a  personnel  survey 
indicated  that  approximately  12,000  respiratory  care 
practitioners  practice  in  this  specialty  area.  In  1988, 
a  national  job  analysis  study  was  done,  which 
resulted  in  an  examination  matrix.  In  1989,  the 
NBRC  Board  of  Trustees  voted  to  implement  the 
examination.  Each  pcrinatal-pcdiatric  respiratory 
care  examination  will  consist  of  100  multiple-choice 
items,  and  the  examination  will  be  given  in  March 
of  each  year.  Admission  criteria  require  that 
applicants  be  either  Certified  Respiratory  Therapy 
Technicians  (CRTTs)  with  a  minimum  of  1  year 


of  clinical  experience  in  perinatal-pediatric 
respiratory  care  or  Registered  Respiratory  Thera- 
pists (RRTs).  The  CRTT-clinical  experience 
admission  qualification  expires  5  years  from  the 
date  of  the  application  deadline  for  the  first 
examination  administration  and  will  be  reviewed 
after  3  years  by  the  NBRC  Board  of  Trustees.  It 
remains  to  be  seen  what  impact  this  specialty 
examination  will  have  on  the  practice  of  perinatal- 
pediatric  respiratory  care. 
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Hess  Discussion 

Hess:  It  would  be  fun  for  me  and  for 
other  respiratoi7  care  practitioners  to 
hear  some  of  your  thoughts — neona- 
tologists.  f)ediatiicians,  and  f)ediatric 
respiratory  care  practitioners. 
Fanaroff:  I  thought  that  was  a  great 
overview.  You  know,  we  have  ob- 
served a  pendulum  with  regards  to 
terminology — hyaline  membrane 
disease  (HMD)  became  idiopathic 
respiratory  distress  syndrome  (IRDS), 
but  now  that  the  etiology  is  known, 
the  I  should  be  dropped.  It's  no  longer 
idiopathic.  Although  some  retain  the 
I  for  infant  (infant  respiratory  distress 
syndrome)  to  contrast  with  adult 
respiratory  distress  syndrome,  or 
ARDS,  RDS  does  appear  to  be  the 
usual  terminology.  You  described  the 
condition  as  surfactant  deficiency, 
and  probably  throughout  these  pro- 


ceedings that  is  the  term  that  should 
be  used — RDS-surfactant  deficiency. 
Hess:  I  appreciate  your  advice.  I 
wrestled  with  terminology  as  I  put  the 
paper  together — wanting  to  be  sure 
to  make  it  clear.  Thank  you. 
O'Rourke:  One  other  difference  to 
consider  when  contrasting  adult  and 
pediatric  care  is  that  in  pediatrics  we 
cannot  depend  on  patient  cooperation. 
If  we  could  calm  children  down 
verbally,  rather  than  having  to  phar- 
macologically induce  cooperation  (or 
paralysis).  1  think  we  could  avoid 
intubating  a  number  of  children.  For 
example,  epiglottitis  in  children  is 
routinely  supported  with  an  endotra- 
cheal tube;  in  adults  an  artificial 
airway  is  often  not  required. 
Hess:  That's  a  very  good  point. 
Orenstein:  Another  follow-up  point 
on  that,  which  doesn't  so  much  have 
to  do  with  the  difference  between  kids 


and  adults,  but  it  was  eye-opening  to 
me.  For  the  past  two  decades,  we've 
taught  in  this  country  that  epiglottitis 
in  children  needs  to  be  taken  care  of 
in  an  ICU  with  an  artificial  airway. 
Yet,  I  observed  on  a  visit  to  Australia 
that,  in  one  of  their  excellent  child- 
ren's hospitals,  very  few  of  their 
children  with  epiglottitis  are  intu- 
bated— certainly  not  automatically 
the  way  we  do  here.  Their  outcome 
is  excellent.  So  some  of  what  we  hand 
down  as  absolute  truth  "ain't  neces- 
sarily so.'  I  think  Pearl's  (O'Rourke) 
point  is  that  maybe  the  differences 
between  kids  and  adults  are  more  who 
the  people  are  than  what  their  diseases 
are.  I  think  we  see  differences  in 
geography  and  how  diseases  are 
handled  but  very  similar  outcomes. 
Hess:  Very  interesting  perspective  on 
that.  Richard  (Martin),  do  you  have 
anything  to  add? 
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Martin:  I  want  to  emphasi/e  the  new 
intorniation  available  on  lung  growth 
and  ask  Alan  Jobe  to  update  us. 
Jobe:  There  is  some  recent  intornia- 
tion on  lung  growth  in  the  developing 
human.  Hislop  et  al'  and  Langston 
et  al-  have  reported  that  alveoli  can 
be  identified  in  the  fetal  lung  and 
perhaps  100  million  alveoli  are 
present  at  term  birth.  This  is  about 
one  third  the  number  of  alveoli  in  the 
adult  lung.  The  adult  number  of 
alveoli  are  probably  present  by  6 
months  to  1  year  of  age.  Therefore, 
subsequent  lung  growth  is  an  increase 
in  alveolar  size  and  not  number.  This 
is  important  information  because  the 
period  of  interest  from  viability  to  a 
year  of  life  encapsulates  the  process 
of  alveolarization.  a  process  that  can 
be  influenced  by  a  number  of  factors 
such  as  oxygen,  injury,  nutrition,  and 
steroid  use. 
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2.  Langston  C,  Kida  K,  Reed  M. 
Thurlbeck  WM.  Human  lung  growth 
in  late  gestation  and  in  the  neonate. 
Am  Rev  Respir  Dis  1984:129:607- 
613. 

Hess:  That's  a  good  point.  In  my 
paper  I  do  talk  about  some  of 
Thurlbeck's  work.'  He  really  does 
take  a  lot  of  that  old  data  and  some 
of  the  things  we  commonly  see  in 
textbooks  to  task.  The  other  thing  that 
1  think  Thurlbeck  and  others  have 
pointed  out^'  is  that  there's  a  lot  of 
variability  from  individual  to  indi- 
vidual that  wasn't  appreciated  at  all 
in  some  of  the  earlier  work. 


1 .  Thurlbeck  WM.  Postnatal  growth  and 
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Re.spirDis  1975;111:803-844. 

2.  Langston  C,  Kida  K,  Reed  M. 
Thurlbeck  WM.  Human  lung  growth 
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Am  Rev  Respir  Dis   1984:129:607- 
613. 
3.     Thurlbeck  WM,  Angus  GE.  Growth 
and  aging  of  the  normal  human  lung. 
Chest  197.'i;67:3.';-7.'i. 

.Stark:  I  would  just  like  to  follow  up 
on  your  comment  about  using  or  not 
using  inverse  I:E.  I  think  that  what 
has  happened  over  the  last  10  or  15 
years  is  that  instead  of  saying  all 
babies  should  be  ventilated  the  same 
way,  we  have  begun  paying  much 
more  attention  to  the  disease  process 
and  to  adapting  a  strategy  of  venti- 
lation for  that  paiticular  infant  at  that 
particular  point  in  his  disease.  1  thnik 
that's  important  to  keep  in  mind. 
Hess:  Good  point. 

Chatburn:  Dean,  I  know  that  you 
have  been  involved  in  helping  to 
develop  the  perinatal-pediatric  spe- 
cialty exam.  How  would  you  respond 
to  the  question  by  persons  who  plan 
to  take  this  exam  (who  qualify  to  take 
it.  but  have  most  of  their  experience 
in  adult  clinical  care),  how  do  we 
study  to  take  this  exam?  How  do  we 
prepare  ourselves? 

Hess:  In  my  opinion,  and  Patty  (Koff) 
may  have  something  to  say  about 
that — she  has  had  a  lot  to  do  with 
the  development  of  this  exam.  In  my 
opinion,  the  best  way  to  get  ready 
for  that  exam  is  to  work  in  neonatal 
and  pediatric  respiratory  care.  And, 
it  really  may  not  be  appropriate  at 
all  for  people  who  work  in  adult 
respiratory  care  to  take  this  exam  just 
so  they  can  have  another  credential 
or  another  certificate  to  hang  on  the 
wall.  You  and  I  have  talked  about 
that  before;  I  think  this  is  an  exam 
that  one  doesn't  prepare  for  by 
reading  books  and  spending  titne  in 
the  library.  One  prepares  for  this  exam 
by  working  with  neonatal  and  pedi- 
atric patients.  Patty  (Koff),  do  you 
have  anything  to  add? 
Koff:  The  only  thing  I'd  add  is  that 
those  who  work  only  in  a  neonatal 
unit  or  only   in   pediatrics  are  also 


going  to  be  missing  some  things 
because  the  exam  covers  both  neon- 
atal and  pediatric  topics.  I  think 
regardless  of  where  they're  working, 
they  are  going  to  have  to  put  some 
time  in  on  that  other  half — the 
opposite  end.  If  a  practitioner  only 
works  the  PICU  and  has  never  worked 
NICU,  he  will  need  some  experience 
in  the  NICU,  and  at  least  is  going 
to  have  to  hit  the  books.  I  do  think 
the  exam  is  a  broad  representation  of 
what  the  skills  are  within  that  sub- 
specialty of  the  profession. 
Hess:  Rob,  what  do  you  tell  people 
who  ask  you  that  question? 
Chatburn:  Well,  those  who  have  had 
very  little  actual  pediatric  and  neon- 
atal experience  I  tell  to  forget  it.  For 
those  who  do  have  some  experience 
(particularly  those  who  feel  they  have 
a  lot  of  experience),  I  tell  them  that 
the  best  way  to  become  familiar  with 
taking  the  test  is  probably  to  work 
in  study  groups.  Ask  each  other 
questions  or  maybe  try  to  simulate 
creating  the  exam  themselves:  so  they 
can  focus  in  on  what  they  really  do 
know  and  what  is  mostly  conjecture. 
Pierson:  Rob's  question  leads  very 
nicely  into  mine,  which  is  also  about 
the  exam  and  relates  to  manpower. 
We  spoke  of  the  maturation  of  the 
field  and  the  specialization  of  a  large 
segment  of  the  respiratory  care 
practitioner  population  in  pediatric- 
neonatal  areas.  My  question  is.  Do 
we  know  how  many  hospitals  have 
therapists  who  work  only  in  neonatal 
and  pediatric  units? 

Hess:  I  don't  know  the  answer  to  that. 
I  would  defer  maybe  to  Patty  Koff 
or  to  Sam  Giordano  who  might  have 
some    idea    from    the    AARC  job 

surveys. 

Giordano:  When  we  do  manpower 
or  human  resources  surveys,  we  do 
ask  that  job  titles  be  made  known  to 
us.  The  perinatal-pediatrics  specialist 
title  did  not  come  up  as  one  of  the 
tt)p  five  when  we  performed  our  last 
human    resource    survey    in    1986. 
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However,  we  arc  presently  designing 
a  RCP  census — it's  a  little  different 
I'riini  a  human  resources  survey — to 
be  conducted  in  all  Job  settings.  From 
that  survey,  we  will  know  how  many 
perinatal-pediatric  specialists  exist 
and  in  what  institutions  they  work — 
in  terms  of  hospital  size  and 
geography. 

Hess:  Part  of  the  reason  for  not  being 
one  of  the  "top  five."  Sam.  may  be 
that  in  some  hospitals  a  group  of 
therapists  may  work  only  in  the 
neonatal  ICU  but  they  don't  have  a 
special  title.  They  are  just  called 
respiratory  therapists,  and  their 
assignment  is  that  each  day  they 
report  to  the  NICU. 
Pierson:  The  reason  for  my  asking 
is  that  I  wonder  if  this  group  wouldn't 
agree  that  perhaps  the  standard  in  the 


profession,  in  a  hospital  of  sufficient 
size,  should  be  dedicated  specialized 
practitioners — especially  for  neonatal 
ICUs. 

Salyer:  First,  I  generally  agree  with 
Dr  Pierson  with  regard  to  dedicated 
NICU  specialists,  except  that  practi- 
cally speaking  we  may  be  "shooting 
ourselves  in  the  foot'  in  terms  of 
efficient  utilization  of  manpower  by 
doing  that.  I  guess  I  want  to  go  on 
record  because  we  are  talking  about 
the  NBRC  exam  by  saying  how 
unfortunate  I  think  it  is  that  the  NBRC 
has  chosen  not  to  attach  "initials'  to 
this  examination.  As  far  as  I  know 
(although  someone  may  correct  me), 
this  is  the  first  examination  conducted 
by  the  NBRC  for  which  successful 
participants  have  not  been  recognized 
by    an    identifiable   title   (eg.    RRT. 


RPFT),  Initially,  the  participation  in 
this  examination  process  had  great, 
broad  support  in  our  hospital,  but 
interest  has  somewhat  dwindled. 
Si)me  of  that  loss  of  interest  and 
support  has  resulted  from  our  learning 
that  a  specific  credential  designation 
will  not  be  awarded  to  those  therapists 
who  have  "paid  the  price'  for  taking 
the  exam  and  have  successfully 
completed  it. 

Barnes:  I  have  been  pleased  to  see 
graduates  of  our  baccalaureate  pro- 
gram provide  leadership  at  Boston's 
Children's  Hospital  in  ECMO  and 
clinical  research.  In  my  opinion,  the 
profession  needs  to  encourage  more 
schools  to  move  to  a  minimum  of  2 
years  of  education  and  increase  the 
number  of  4-year  programs  beyond 
the  2.*^  currently  operating. 
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INTRODUCTION 

This  review  focuses  on  the  effectiveness  of 
aerosol  drug  delivery  in  neonatal  and  pediatric 
patients.  In  considering  the  question  of  effective- 
ness, I  believe  that  a  systems  approach  helps  to 
clarify  the  number  of  interacting  variables  that 
ultimately  determine  the  outcome  of  the  drug 
treatment.  Each  of  the  components  shown  in  Figure 
1  has  a  major  influence  on  any  conclusion  regarding 
the  effect  of  aerosolized  drug  treatment  in  this 
population: 

— the  measurement  system  used  to  determine  effect; 
— the  pharmacotherapy  of  the  developing  lung; 
— the  aerosol  delivery  system  employed; 
— the  clinical  effect  of  the  agents  used. 

A  systems  approach  serves  to  emphasize  that 
results  must  be  interpreted  with  the  realization  that 
each  component  of  the  system  interacts  with  the 
others  and  can  alter  the  conclusions  drawn.  The 
drug  must  be  suited  to  the  pathophysiology  of  the 
patient;  the  particle  size  generated  and  the  delivery 
system  must  be  suitable  to  reach  the  targeted  area 
of  the  lung  or  airway;  and  the  measurement  of  the 
drug  effect  must  be  sufficiently  sensitive,  accurate, 
and  precise  to  detect  change.  First,  I  present  a 
cursory  overview  of  pulmonary  function  measuring 
systems  to  identify  the  techniques  on  which  cited 
results  are  based.  Then,  in  the  second  section,  I 


The  Aerosol 

The  Pharmacologic 

Delivery  System 

Agent 

N 

1 

The  Developing  Lung 

^ 

/ 

Measurement  of  Effect 

Conclusion:  Drug  Effect 


Fig.  1.  Results  of  evaluation  of  the  four  interacting 
components  shown  affect  conclusions  regarding  the 
efficacy  of  aerosol  delivery. 


Abbreviations  Used  in  This  Paper 

BPD 

—  Bronchopulmonary  dysplasia 

DPI 

—  Dry  powder  inhaler 

ETT 

—  Endotracheal  tube 

FEF25-75% 

—  Forced  expiratory  flow  between  25% 

and  lyVc  of  vital  capacity 

FEV, 

—  Forced  expiratory  volume  in  one  second 

FRC 

—  Functional  residual  capacity 

MDI 

—  Metered-dose  inhaler 

MMAD 

—  Mass  median  aerodynamic  diameter 

PEER 

—  Peak  expiratory  flowrate 

PIER 

—  Peak  inspiratory  flowrate 

RSV 

—  Respiratory  syncytial  virus 

SVN 

—  Small  volume  nebulizer 

Vd 

—  Volume  distribution 

XnaxFRC 

—  Maximal  expiratory  flow  at  FRC 

highlight  major  aspects  of  neonatal-pediatric 
pharmacology  that  favor  aerosol  administration  of 
drugs.  The  third  and  major  part  of  the  discussion 
centers  on  aerosol  delivery  systems  in  neonates, 
infants,  and  children,  and  the  final  section  on  the 
efficacy  of  each  class  of  drugs  used  in  this 
population.  Discussion  of  the  use  of  aerosolized 
antibiotics  in  cystic  fibrosis  and  of  exogenous 
surfactant  treatment  is  left  for  other  presentations 
in  this  symposium. '•- 

MEASUREMENT  OF 

PULMONARY  FUNCTION 

IN  NEONATAL  AND  PEDIATRIC  PATIENTS 

These  various  methods  of  measuring  pulmonary 
function  are  cited  in  the  literature  on  aerosol  delivery 
systems  and  the  efficacy  of  various  drug  classes, 
and  are  themselves  variables.  The  measurement  of 
the  effects  of  aerosolized  drugs  on  the  lung  has 
gradually  evolved  from  the  measurement  of  forced 
breaths  (such  as  that  used  with  adults)  to  a  form 
of  continous  monitoring  of  pulmonary  mechanics 


RESPIRATORY  CARE  •  JUNE  '91  Vol  .^6  No  6 


515 


AEROSOLIZED  DRUGS 


on  a  breath-by-breath  basis  using  computer-based 
systems.  Such  systems  are  exemplified  by  the  Med- 
Science  RDS  4500,  the  hifrasonics  StarCaic,  and 
the  SensorMedics  2600,  all  dating  from  1988.  A 
conceptual  schematic  of  a  generic  computer-based 
pulmonary  monitoring  system  for  infants  is  given 
in  Figure  2.  Although  these  systems  display  values 
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Fig.  2.  Major  components  of  a  computer-based  pulmonary 
monitoring  system. 

for  25  or  more  variables,  all  the  values  ultimately 
derive  from  pressure  differences  sensed  by  the 
pneumotachograph.  This  measurement  of  pressure 
differences  is  translated  into  flow,  ba.sed  on  known 
pressure-flow-resistance  relationships.  Volume  is 
derived  by  integrating  flow  over  measured  time. 
The  software  of  the  system  then  'massages"  the 
primary  pressure  and  time  measures  into  the 
numerous  derived  variables  provided.  In  my 
opinion,  the  operation  of  these  'black  box'  systems 
is  probably  easier  than  the  evaluation  of  their  validity 
or  the  interpretation  of  their  meaning  for  clinical 
decision  making.  Miiner'  provides  an  excellent 
overview  of  lung  function  testing  methods  for 
infants,  and  the  interested  reader  is  referred  to  his 
review  article.  The  methods  encountered  in  the 
literature  to  measure  the  effects  of  aerosolized  drugs 
are  given  in  Table  I.-*'-*  The  gold  standard  is 
considered  to  be  body  plethysmography.'  Systems 
such  as  the  Med-Science  and  the  Infrasonics  are 
based  on  the  esophageal-pressure  and  mouth-tlow 
principle,  with  or  without  actual  esophageal  pressure 
measurement.  The  most  commonly  used  methods 


of  evaluating  lung  function  changes  associated  with 
the  delivery  of  aerosolized  drugs  are  the  pressure- 
flow  method,  body  plethysmography,  forced  partial 
expiratory  flows,  and  some  variation  of  the  weighted 
spirometer  technique. 

Table  1 .  Technique.s  of  Measuremeni  tor  Pulmonary  Fundion 
Evaluation  in  Infants  and  Small  Ctiildren 

E.sophageal  pre.ssure  and  airway  flow*' 

Total  body  plethysmography'' 

Weighted  spirometry' 

Closed-circuit  lung  volumes" 

Single-breath  pulmonary  mechanics'' 

Forced  partial  expiratory  flow-volume  or  deflation 
tlow-volume'"'- 

Forced  oscillation'^'^ 

PHARMACOTHERAPY  OF 
THE  DEVELOPING  LUNG 

Drug  pharmacokinetics  and  pharmacodynamics 
are  markedly  altered  in  neonates  and  infants  and, 
to  a  lesser  extent,  in  children.  This  fact  argues  in 
favor  of  a  topical,  inhalational  administration  of 
aerosolized  drugs,  especially  for  pulmonary 
diseases,  despite  the  probleins  associated  with 
imprecise  aerosol  delivery.  I  want  to  identify  and 
briefly  comment  on  those  factors  of  neonatal/ 
pediatric  pharmacotherapy  that  favor  aerosol 
delivery.  Reviews  of  general  pharmacology  for  this 
age  group  are  well  beyond  the  scope  of  this  review 
and  can  be  found  in  other  sources.'''"' 

The  following  terms  are  defined  in  accord  with 
general  use,  although  variation  exists  in  the  literature 
for  deflnition  of  premature.'-'''**  -' 

premature — less  than  .^8  weeks  gestational  age 
full  gestational  age — .^8  through  42  weeks 
neonate — birth  to  one  month 
infant — 1  through  12  months 
child — 1  through  12  years 
adolescent — 1.^  through  17  years 

Table  2  lists  the  advantages  of  aerosol  delivery 
in  the  treatment  of  lung  disease.  The  general 
advantages  of  aerosol  therapy  shared  with  adults 
aiv  not  discussed.  Certain  advantages,  however. 
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derive  from  the  age  range  and  from  the  aUered 
pharmacokinetics  and  pharmacodynamics  of  this 
age  group. 

Table  2.  Characteristics  that  Favor  Drug  Delivery  by  Aerosol 
to  Infants  and  Children 

Localized  treatment  of  target  organ 

Safe,  painless,  and  convenienl  route 

Rapid  onset  of  drug  effect 

Lower  dose  requirement  than  with  oral  administration 

Reduction  in  number  and  severity  of  side  effects 

More  practical  than  oral  administration 

Avoids  problems  associated  with  systeinic  routes  in  neonates 

— lack  of  an  ideal  dosing  rule 

— variable  gastric  emptying  time 

— decreased  gastrointestinal  transit  time 

— increased  gastric  pH 

— altered  volume  of  distribution 

— altered  bound  drug  fractions 

— altered  pancreatic  enzyme  status 

— altered  gastrointestinal  flora 


Lack  of  an  Ideal  Dosing  Rule 

Short  of  expensively  and  invasively  monitoring 
blood  and  organ  levels  of  a  drug,  no  ideal  method 
of  estimating  drug  doses  for  neonates,  infants,  and 
children  exists.  Empirical  formulas  based  on  weight, 
height,  age,  or  body  surface  area  are  often  used. 
Body  surface  area  is  said  to  correlate  better  than 
do  the  other  variables  with  physiologic  factors  that 
affect  drug  action.---^  These  formulas  are  linear 
proportions  and  fail  to  account  for  nonproportional 
differences  between  adults  and  infants.  Differences 
include  missing  enzyme  systems,  variables  of 
gastrointestinal  absorption,  and  altered  volumes  of 
distribution.  Pharmacodynamics  with  changing  or 
immature  receptor  response  is  also  variable.--*  Local 
topical  administration  of  aerosols  by  inhalation  can 
bypass  the  need  to  use  estimates  based  on  body 
size  and,  also,  the  pharmacokinetic  and  pharma- 
codynamic problems  of  systemic  therapy. 

Practicality  of  Inhalation 

Neonates,  infants,  and  very  young  children  are 
unable  to  follow  directions  or  explanations.  This 


is  coupled  with  drooling,  spitting,  and  the  tendency 
to  expectorate  unpleasant  tasting  oral  medications. 
Instillation  of  eye,  ear,  or  nose  drops,  injections, 
starting  an  intravenous  line,  and  insertion  of 
suppositories  can  be  traumatic  for  both  the  young 
patient  and  the  practitioner.  Coupling  drug  delivery 
with  the  act  of  breathing  offers  a  convenient  route 
of  drug  administration  with  minimal  discomfort  or 
need  for  direction. 

Gastric  pH 

Gastric  pH  ranges  from  6  to  8  at  birth,  and  falls 
to  about  1.5  within  hours,  but  does  not  approach 
adult  values  until  approximately  3  months  of  age. 2'' 
In  general,  gastric  pH  in  neonates  and  infants  is 
higher  than  in  adults.'''  Acid  secretion  also  tends 
to  be  less  with  parenteral  than  with  enteral  nutrition. 
Because  drug  absorption  from  the  stomach  is 
partially  dependent  on  the  ambient  pH  and  pKa  of 
the  drug,  gastric  pH  affects  the  bioavailability  of 
orally  administered  drugs.--"* 

Gastric  Emptying  and  Transit  Times 

Two  characteristics  of  the  gastrointestinal  tract 
can  affect  drug  absorption  and  bioavailability  in 
neonates,  infants,  and  children.  First,  gastric 
emptying  times  may  be  slower  in  neonates  and 
infants  than  in  adults.  Prolonged  gastric  emptying 
time  delays  the  peak  concentration  of  oral 
medication  that  is  absorbed  primarily  from  the 
intestines.-''  Factors  including  prematurity,  respira- 
tory distress  syndrome,  and  congenital  heart  disease 
may  further  decrease  rates  of  gastric  emptying.-'' 
Secondly,  the  transit  rate  through  the  intestinal  tract 
is  usually  increa.sed  in  infants  and  young  children.'"' 
Sustained  or  slow-release  products  such  as 
theophylline  may  move  through  the  intestinal  tract 
before  they  have  time  to  be  absorbed  from  the 
optimum  region  of  the  proximal  small  intestine.-'' 
In  particular,  feedings  can  further  increase  transit 
rate  so  that  drugs  mixed  with  food  (eg,  sprinkled 
beads)  can  end  up  in  the  diaper  with  little  or  no 
absorption  having  occurred.'"*-** 

Volume  of  Distribution 

Another  factor  directly  affecting  the 
phannacokinetics  of  a  drug  is  the  subject's  apparent 
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volume  of  distribution,  or  Vd.  The  Vd  is  the  storage 
compartment  in  the  body  that  determines  the 
concentration  of  drug  in  the  plasma.  The  Vd  in 
turn  is  affected  by  the  percentage  of  body  water, 
which  is  higher  in  neonates,  infants,  and  children 
than  in  adults. -■"'■-''  Other  age-dependent  factors  such 
as  protein  binding  also  affect  the  Vd.  As  a  result, 
the  concentration  of  a  water-soluble  drug  on  a 
milligram/kilogram  of  body-weight  basis,  is  less  for 
neonates  and  infants  than  for  adults,  given  the 
increased  percentage  of  body  water. 

Bound  Fraction  of  a  Drug 

In  general,  the  unbound  portion  of  a  drug  in  the 
bloodstream  is  the  active  portion.  A  number  of  age- 
related  factors  affect  drug  binding  to  plasma 
proteins:  the  concentration  of  such  proteins,  the 
number  of  binding  sites,  the  affinity  of  drug  and 
protein,  and  the  influence  of  competing  substances 
and  pathophysiology.  As  a  specific  example, 
theophylline  is  approximately  36%  bound  in  the 
child  and  infant,  but  52-65%  bound  in  the  adult.""''^' 

Pancreatic  Function 

Relative  pancreatic  insufficiency  is  present  at 
birth,  and  pancreatic  enzyme  activity  is  lower  in 
premature  than  in  full-term  infants. -''-'^  Drugs  such 
as  chloramphenicol  that  require  hydrolysis  in  order 
to  be  absorbed  have  reduced  bioavailability,  and 
dosage  schedules  need  to  be  adjusted  upward. 

Gastrointestinal  Bacteria 

The  composition  and  presence  of  bacterial  flora 
in  the  gastrointestinal  tract  can  influence  intestinal 
motility  and  the  metabolism  of  drugs. ^"^  Such 
colonization  varies  with  postnatal  age  and  with  the 
type  of  delivery,  feeding,  and  drug  therapy. ^S-''' 

These  factors  as  well  as  others  not  mentioned, 
such  as  renal  function,  introduce  a  tremendous 
degree  of  uncertainty  and  unpredictable  variability 
into  systemic  drug  dosing  in  the  neonatal-pediatric 
population.  Despite  the  unanswered  questions 
surrounding  aerosolized  drug  therapy,  particularly 
in  neonates  and  infants,  avoidance  of  the  systemic 


route  becomes  a  major  motivation  for  pursuing  a 
topical  route  of  administration. 

THE  AEROSOL  DELIVERY  SYSTEM 

Drug  Doses  in  Neonates,  Infants,  and  Children 

Aerosol  therapy  is  plagued  by  lack  of  information 
on  appropriate  doses  for  neonates,  infants,  and. 
often,  children.  Eighteen  drugs  are  currently  (1991) 
approved  for  aerosol  administration  if  we  include 
the  atropine  sulfate  formulation  by  Dey  Laborato- 
ries. With  the  exception  of  ribavirin,  no  neonatal 
or  infant  doses  for  any  of  these  have  been 
established.  The  package  inserts  for  racemic 
epinephrine  and  acetylcysteine  do  not  specify 
aerosol  doses  for  children  or  infants,  but  the  use 
of  acetylcysteine  in  croup  tents  is  discussed.  The 
youngest  age  specified  in  dose  recommendations 
is  2  years  and  above  for  cromolyn  sodium  by 
nebulizer  or  inhaled  powder.  Except  for  inhaled 
dexamethasone  (which  specifies  "children""),  the 
aerosolized  corticosteroids  are  for  children  6  years 
and  above. 

Manufacturers  do  not  usually  perform  studies  of 
clinical  efficacy  and  dose  range  in  infants  and 
children.  Dose-response  studies  are  lacking  from 
other  sources  as  well.  As  a  result,  dosage  schedules 
for  aerosol  are  usually  determined  empirically,  often 
based  on  the  subject's  body  weight.  One  exception 
is  a  study  by  Nussbaum  and  associates  that 
determined  a  dosage  of  0.01  mL/kg,  of  a5%  solution 
of  metaproterenol  for  3-  to  6-year  olds  as  optimal. ^-^ 

Table  3  lists  the  most  commonly  found  dosage 
schedules  for  aerosolized  agents.  The  doses  are 
taken  from  the  manufacturer's  information  or  based 
on  references,  none  of  which  is  an  actual 
study. '''■-^■"'■*-  Some  variability  is  seen  in  the 
referenced  literature.  For  instance,  Dupuis  and 
Spino,-^  in  Pagliaro  and  Pagliaro's  text,  indicate 
a  dose  of  0. 1  mL/kg  of  albuterol,  up  to  a  maximum 
of  1  mL.  Unless  this  is  an  error,  the  dose 
recommended  is  more  than  three  times  higher  than 
other  recommendations,  and  the  maximum  is  twice 
that  used  in  adults.  Kelly's  review  article''^  gives 
pediatric  doses  of  drugs  to  be  aerosolized  including 
the  injcclahie  solutions  of  terbutaline  (0.1   lo  0.3 
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Table    3.  Dosage    Guidelines    for    Nebulized    Solutions    for 
Neonates,  Infants  and  Children 


Solutions 

Dosage 

Sympathomimetic  bronchodilators 

Raceniic  epinephrine 

0.05  mL/kg  of 

2.25%  solution: 

not  more  frequently  than  q2h 

maximum  dose  0.5  mL 

Isoproterenol 

0.025  mL  of  1:200 

solution  or  0.01 

mL/kg,  maximum  =  0.05 

mL;  tid,  qid 

Isoetharine 

0.25-0.5  mL  of  1% 

solution;  q4h 

Metaproterenol 

0.2-0.3  mL  of  5% 

solution:  q4h 

Albuterol 

0.01-0.03  mL/kg  of 

0.5%  solution. 

maximum  =  0.5 

mL;  tid,  qid 

Bitolterol 

MDl  only 

Pirbuterol 

MDI  only 

Anticholinergic  bronchodilators 

Atropine  sulfate 

0.05  mg/kg. 

maximum  =  1  mg. 

Ipratropium 

MDl  only  (USA) 

Mucolytic  agent 

Acetylcysteine 

3-5  mL  of  10  or  20% 

solution;  tid,  qid 

Corticosteroids 

Dexamethasone 

MDl  only 

Beclomethasone 

MDl  only 

Flunisolide 

MDl  only 

Triamcinolone 

MDl  only 

Antiasthmatics 

Cromolyn  sodium 

>  2  years,  20  mg  qid 

Nedocromil 

MDl  only 

Antiinfectives 

Ribavirin 

6  g/300  mL  (2%), 

12-18  h/day 

Pentamidine 

a  5  years,  300  mg/ 

month  by 

Respirgard* 

*JAMA  1991;265:1637- 

■1644. 

mg/kg,  every  2-6  h),  epinephrine,  and  atropine.  A 
survey  of  doses  used  at  71  pediatric  centers  has 
been  reported  in  abstract  form.^^  Although  this 
information  may  be  helpful,  it  is  one  step  removed 
from  the  real  question.  What  doses,  if  any,  are 
effective  in  neonates,  infants,  and  children?  Perhaps 
the  lack  of  information  on  effective  neonatal  and 
pediatric  doses  is  the  reason  for  little  or  no  discussion 
of  aerosol  drugs  in  such  texts  as  Lough  et  al""  and 
Aloan.-'''  Koff  et  al"**  give  dosage  standards  for  only 
sympathomimetic  and  anticholinergic  agents, 
although  they  devote  a  chapter  to  neonatal  and 
pediatric  pharmacology.  Even  a  text  such  as  Yeh,-- 
on  drug  therapy  of  the  neonate,  lacks  any  mention 
at  all  of  aerosolized  delivery  or  dosage.  Based  on 
what  is  available  in  the  literature,  both  text  and 
journal  articles,  aerosol  doses  for  this  age  group 
need  to  be  determined  by  a  scientific  approach  using 
dose-response  curves.  A  comprehensive  approach 
would  factor  age  levels  into  such  studies  to  examine 
the  relation  of  age  to  dosage.  It  is  surprising  that 
studies  of  the  efficacy  of  aerosol  therapy  have  often 
used  the  accepted  doses  in  Table  3  rather  than 
developing  dose-response  curves,  which  could  be 
done  within  the  studies.-*''-52 

In  theory,  a  topical  treatment  such  as  aerosol 
therapy  should  not  be  based  on  body  size  in  the 
way  systemic  therapy  is.  If  we  use  schedules  based 
on  body  size,  are  we  not  defeating  the  very 
advantage  of  topical  over  systemic  therapy?  Body 
size  may  not  correlate  well  with  overall  development 
of  the  body's  response  systems,  as  discussed 
previously.  Topical  drug  administration  depends 
primarily  on  the  presence  and  development  of 
receptors  for  its  effect.  This  aspect,  the  pharma- 
codynamics of  drug  therapy,  can  be  examined  in 
controlled  dose-response  studies.  Lower  receptor 
density  or  immaturity  could  necessitate  stronger 
doses  than  those  used  in  adults.  The  recommended 
doses  of  nebulized  atropine  sulfate  suggests  this: 
0.05  mg/kg  for  children,  but  only  0.025  mg/kg  for 
adults.5' 

Variables  in  the  Aerosol  Delivery  System 

In  keeping  with  a  systems  approach,  we  can  see 
that  any  conclusion  regarding  an  aerosolized  drug's 
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effectiveness  depends  heavily  on  the  delivery  system 
employed.  A  number  of  technical  details  can  be 
varied  in  configuring  a  delivery  system.  Three 
primary  elements,  with  their  possible  choices,  are 
listed  in  Table  4.  The  number  of  possible 
combinations  to  fomi  a  delivery  system,  although 
not  unrestricted,  can  explain  conflicting  or 
inconsistent  research  results.  In  some  studies,  the 
details  of  aerosol  delivery  have  been  left  to  the 
imagination  of  the  reader.  For  example,  in  a  study 
by  Steventon  and  Wilson'^'*  comparing  face  mask 
to  mouthpiece  delivery  with  a  nebulizer,  instructions 
on  breathing  pattern  are  never  mentioned,  the  type 
of  breathing  with  the  mask  (nasal  or  mouth)  is  not 
described,  and  the  particular  compressor  used  is 
never  identified.  The  compressor  used  has  been 
shown  by  Newman  and  co-workers''-''-''^  to  be  an 
important  variable  affecting  aerosol  generation  and 
delivery.  If  results  are  to  be  compared  and 
interpreted,  editors  and  reviewers  must  demand  full 
specification  of  the  aerosol  delivery  system. 
Systematic  and  comprehensive  investigation  of  the 
effect  of  the  many  variables  identified  in  Table  4 
is  needed. 


Table  4.  Primary  Elements  and  Their  Variables  for  Aerosol 
Delivery  Systems 

Power  Source 

Self-contained  propellants 

Manual  re.suscitator  ("bag") 

Ventilator 

Flowmeter  (ie,  high-pressure  piped  or  cylinder  gas) 

Compressor 

Patient  (ie,  breath-actuated) 

Electricity  (transducer) 

Generator 

Metered  dose  inhaler 

Small  volume  nebulizer 

Dry  powder  inhaler 

Large  volume  nebulizer  (SPAG) 

Ultrasonic  nebulizer 

Interface 

Mouthpiece 
Mask 

Spacer  device 
Endotracheal  tube 
Oxygen  hood  or  tent 


Aerosol  Delivery  in 
Spontaneously  Breathing  Patients: 

Three  commonly  used  aerosol  generators  for  drug 
inhalation  are  the  small-volume,  gas-powered,  hand- 
held nebulizer  (SVN),  the  metered  dose  inhaler 
(MDI),  and  the  dry  powder  inhaler  (DPI).  An  MDI 
can  be  coinbined  with  an  extension,  or  spacer  device 
(also  termed  an  auxiliary  delivery  system).  In  my 
estiination,  ultrasonics  and  nebulizers  based  on  the 
Babington  principle  are  not  commonly  used  for  drug 
delivery  in  the  United  States.  The  Small  Particle 
Aerosol  Generator,  or  SPAG,  is  associated 
exclusively  with  delivery  of  ribavirin.  Devices  such 
as  the  AeroTech  II  (Cadema  Medical)  and  the 
Respirgard  II  (Marquest)  are  modifications  of  the 
small-volume  nebulizer  specifically  for  anti- 
infective  aerosols. 

Table  5.  Age  Guidelines  for  Modes  of  Aerosol  Drug  Delivery 


Mode* 


Minimum  Age 


SVN 

MDI 

— with  spacer 

— with  spacer  and  mask 

—with  ETT 

DPI 


neonate 

7  years 

3  years 

infant 

neonate 

3-4  years 


*SVN  =  small  volume  nebulizer;  MDI  =  metered  dose 
inhaler;  ETT  =  endotracheal  lube;  DPI  =  dry  powder  inhaler. 

Guidelines  regarding  minimum  ages  for  pres- 
cribing each  of  these  three  modes  of  aerosolization 
have  been  pubiished,^'^-"-'''*  and  are  summarized  in 
Table  5.  Although  the  most  common  device  for 
spontaneously  breathing  infants  has  been  the 
nebulizer,  several  studies  have  reported  positive 
results  using  an  MDI  fitted  to  a  spacer,  with  a  soft 
mask  attached.''''  ''I  Yuksel  and  colleagues'''  siinply 
adapted  an  MDI  to  a  coffee  cup  placed  over  the 
face  of  the  infant  (median  age  12.5  mo,  range  25- 
36  mo).  All  three  studies  were  of  weak  design.  One 
study  contained  no  comparison  group. '^''  A  second 
contained  inconsistencies  in  the  data  provided  and 
inappropriately  used  the  Fisher  exact  test  for 
frequencies  in  a  matched-pairs  design.'''  The 
strongest  study  compared  bronchodilator  by  MDI 
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to  placebo,  although  a  comparison  of  bronchodilator 
by  nebulizer  might  have  been  more  informative.^*^ 
These  results  probably  should  be  considered  as 
preliminary,  with  further  investigation  warranted. 
As  with  any  descriptive  guidelines,  the  response 
of  the  individual  child  or  infant  determines  success 
with  a  particular  mode  or  device. 

Small  Volume  Nebulizer 

The  small  volume  nebulizer  (SVN),  profiled  in 
Table  6,  has  been  widely  used  in  hospitals  and  often 
at  home.  The  SVN  has  the  major  advantages  of 
being  able  to  aerosolize  almost  any  drug  available 
in  liquid  form  and  of  allowing  modification  of  dose 
volume  and  concentration.  These  features,  together 
with  minimal  patient-coordination  requirements, 
have  made  nebulizers  attractive  for  use  with  infants 
and  young  children,  usually  with  a  mask  attachment. 
Infants  however  may  fight  a  mask  and  try  to  avoid 
the  cold,  damp  spray  of  aerosolized  liquid. 

Table  6.  Advantages   and   Disadvantages  of  Small   Volume 
Nebulizers  for  Aerosol  Delivery 

Advantages 

Little  patient  coordination  required 

Useful  in  very  young  infants  and  children 

Useful  in  acute  distress  (tachypnea)  or  reduced  inspiratory 

flows  and  volumes 
Allows  modification  of  drug  concentration 
Allows  aerosolization  of  almost  any  liquid  drug 
Effective  without  breath-holding 

Disadvantages 

Expensive 

Not  easily  portable 

Requires  preparation  and  cleaning 

Inefficient  dose  delivery 

Cold,  wet  spray  with  mask  delivery 

Provides  medium  for  bacterial  growth 


Metered  Dose  Inhaler 

The  MDI  is  unquestionably  far  more  efficient 
than  nebulizer  delivery  both  in  terms  of  dosage 
delivered  and  time  for  use  (Table  7).  However,  it 
has  a  major  disadvantage  of  requiring  some  degree 
of  coordination  of  hand  and  inhalation,  which  makes 
its  use  in  children,  especially  under  7  years  of  age. 


Table   7.  Advantages   and   Disadvantages   of  Metered   Dose 
Inhalers  and  Spacer  Devices  for  Aerosol  Delivery 


Metered  Dose  Inhalers 

Advantages 

Very  portable 

Efficient  drug 

delivery 

Short  preparation  and 

administration  time 


Spacer  Devices 

Advantages 

Reduce  need  for 
hand-breath 
coordination 

Reduce  oropharyngeal 
impaction 

Reduce  oropharyngeal 

candidiasis  with 
corticosteroids 


Disadvantages 

Difficult  hand-breath  coordination 
Fixed  drug  concentrations 

Limited  range  of  drugs  available 

Possible  reaction  to  propellants 

Possible  high  oropharyngeal 
impaction 

Possible  foreign  body  aspiration 
from  mouthpiece 

Disadvantages 

May  be  large  and  cumbersome 


questionable.*-  Obviously  the  motor  coordination 
and  level  of  understanding  of  individual  children 
varies  widely  and  influences  success  with  MDI  use. 
Unfortunately,  MDI  use  may  be  complicated  even 
further  by  the  lack  of  knowledge  among  health  care 
professionals  on  proper  use.*^ 

The  key  elements  for  optimal  MDI  use  are 
generally  based  on  Newman  et  al  and  Dolovich  et 
al's  findings  published  in  1981:^-*'' 

Shake  MDI  and  discharge  once  prior  to  use; 
Position  MDI  4  cm  in  front  of  wide  open  mouth; 
Activate  MDI  at  end-exhalation  (FRC); 
Inspire  slowly; 
Hold  the  breath  10  seconds  at  total  lung  capacity. 

The  reason  for  shaking  and  discharging  the  MDI 
prior  to  use  is  to  thoroughly  mix  the  active  drug 
throughout  the  chlorofluorocarbon  propellant,  and 
to  'charge'  the  valve  assembly.  A  pause  between 
puffs  of  a  bronchodilator  may  be  helpful  during 
acute  bronchospasm  but  less  so  for  routine 
maintenance.*''  Instructions  to  patients  contained  in 
the   package   inserts   of  MDI   devices   invariably 


RESPIRATORY  CARE  •  JUNE  "91  Vol  36  No  6 


521 


AEROSOLIZED  DRUGS 


illustrate  the  MDI  with  the  mouth  tightly  closed 
around  the  mouthpiece:  this  has  at  least  two 
disadvantages.  First,  high  oropharyngeal  impaction 
results  in  loss  of  delivery  to  the  lung  and  may  cause 
a  reflex  cessation  of  inspiration.''**  Secondly,  smaller 
inhaled  volumes  can  result  unless  the  patient  opens 
his  mouth  during  inspiration.  The  patient  may  even 
breathe  nasally  with  the  mouth  closed  on  the 
mouthpiece.  However,  a  good  example  of  the 
confusion  surrounding  results  of  studies  on 
aerosolized  drug  delivery  is  provided  by  the  study 
of  Unzeitig  and  others^*^  who  found  no  difference 
in  peak  expiratory  tlowrates  (PEFR)  between  open 
and  closed  mouth  use  of  an  MDI.  Subjects  were 
asthmatic  children  aged  7  to  16  years.  This  result 
is  inconsistent  with  the  findings  of  Dolovich  et  al 
and  other  investigators.^-*'™-^'  Such  inconsistency 
occurs  often  with  studies  of  aerosol  delivery  and 
underscores  the  need  for  careful  design  and  full 
technical  description  of  aerosol  systems.  Several 
important  differences  exist  between  the  Dolovich 
et  al  and  the  Unzeitig  et  al  studies. *5,69  Dolovich 
et  al  did  not  use  a  bronchodilator,  only  a  radiolabeled 
aerosol,  and  measured  deposition,  not  clinical  effect 
on  PEFR.  Dolovich  et  al  used  a  particle  size  of 
2.15  |JLm  mass  median  aerodynamic  diameter 
(MMAD).  The  isoetharine  MDI(Bronkometer)  used 
by  Unzeitig  et  al  produced  approximately  5.5  ^x,m 
particles  when  measured  by  Sackner  and  Kim.^^ 
Perhaps  more  telling  are  potential  flaws  in  Unzeitig 
et  al's  study.''''  Oral  bronchodilators  were  not 
discontinued  for  the  study,  which  may  have  created 
a  ceiling  effect,  and  poses  a  threat  to  the  internal 
validity  of  the  study.  Secondly,  the  authors  state 
that  a  "Student  unpaired  T  test"  was  used,  which 
is  incorrect  for  the  crossover  design  employed. 
Although  this  may  not  lead  to  a  different  conclusion 
from  analysis  by  paired  t  test  in  this  instance,  the 
inappropriate  choice  is  disconcerting.  Pending 
further  support  of  a  closed-mouth  technique,  I 
recommend  positioning  the  MDI  approximately  4 
cm  in  front  of  the  open  mouth. 

MDI  with  Spacer  Devices 

MDI  auxiliary  delivery  systems,  or  spacer 
devices,  allow  time  for  propellant  vaporization  to 
achieve  a  smaller  particle  size  (particle  aging)  and 


reduce  excessive  oropharyngeal  impaction.^-''-* 
Their  use  is  summarized  in  Table  7.  Spacer  devices 
extend  the  convenience  of  using  MDIs  to  more  and 
younger  children;-''*'-''-''-'"'  however,  questions  remain 
about  their  use,  particularly  for  children. 

What  inspiratory  flowrate  should  be  used  with 
an  MDI-spacer  combination?  Low  tlowrates  have 
been  suggested  to  reduce  oropharyngeal  impaction, 
and  this  is  supported  by  data.''--''^ ''^  Yet,  an  abstract 
of  a  study  with  a  lung  model  reported  higher  lung 
deposition  with  large-volume  spacers  (1,350  mL) 
and  high  inspiratory  flowrates  of  60  L/min.*"^  In 
contrast,  two  clinical  studies  with  children  found 
improved  drug  response  using  either  "normal" 
breaths  from  FRC  or  slow  inspiratory  flowrates  of 
15-30  L/min  compared  to  70  L/min. **'•**-  Unfortu- 
nately, as  has  often  been  the  case  with  aerosol 
studies,  either  lung  deposition  or  clinical  response 
(but  not  both)  was  measured  in  the  three  studies 
cited.  Is  it  possible  that  high  inspiratory  flowrates 
could  give  increased  lung  deposition,  but  not 
improved  bronchodilator  response?  Answering  this 
question  requires  correlation  of  clinical  response 
with  quantitative  deposition. 

In  a  study  with  adults,  Newman  and  others^-*  found 
that  the  Nebuhaler  spacer  could  be  used  with  either 
single  MDI  puffs  or  multiple  MDI  puffs  all  inhaled 
at  once.  With  multiple  puffs  inhaled  in  a  single 
breath,  the  lung  deposition  decreased  from 
approximately  2 1  %  to  1 5%,  although  oropharyngeal 
deposition  also  decreased  from  16.5%  to  11%. 

The  effect  of  the  volume  of  a  spacer  also  warrants 
investigation  in  infants  and  children  to  resolve  these 
questions.  Logic  dictates  that  infants  and,  in  general, 
subjects  with  small  tidal  volumes  may  not  receive 
the  same  concentration  or  total  amount  of  drug  from 
a  holding  chamber  as  do  adults.**^  Both  the  size 
and  shape  of  spacer  devices  vary  widely  from  70 
mL  to  750  mL.**-*  One-way  valves  at  the  mouthpiece 
of  these  devices  prevent  aerosol  from  leaking  out 
prior  to  inhalation.  The  valves  are  essential  for 
eliminating  the  need  for  MDI  activation-inhalation 
coordination.  What  effect  do  these  variables  have 
on  aerosol  delivery  with  either  neonates  or  small 
children?  Does  a  pear-shaped  spacer  (simulating  the 
aerosol  cloud  from  an  MDI)  make  a  difference? 
Can  infants  open  the  one-way  valve  if  an  MDI- 
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spacer-mask  combination  is  employed?  How  many 
breaths  should  an  infant  or  child  use  with  spacer 
devices,  and  how  does  this  vary  with  the  volume 
of  the  device? 

Although  questions  concerning  spacer  use 
(particularly  with  neonates  and  infants)  remain 
unanswered,  the  preliminary  studies  cited  indicate 
the  possibility  of  beneficial  clinical  results  that 
should  be  further  substantiated.''''-*'  For  the  non- 
infant  group,  the  consensus  is  that  spacer  devices 
simplify  MDI  use  and  reduce  oropharyngeal 
loss.^-'*-^'***^"'*^  The  bronchodilating  effect  is  at  least 
as  good  as  with  an  optimally  used  MDI,  and  better 
if  there  is  difficulty  using  an  MDI.**** '"'  Spacers  are 
recommended  when  corticosteroids  are  inhaled  with 
an  MDI.""' 

Dry  Powder  Inhalers 

The  major  advantages  of  both  the  nebulizer  and 
the  MDI  are  present  in  the  DPI,  which  consists 
of  a  suspension  of  microfine  solid  particles  of  drug, 
contained  in  a  small,  MDI-size  device  with  a 
mouthpiece.  Two  drugs  are  available  in  this 
formulation  in  the  United  States:  cromolyn  sodium 
(Spinhaler  Turbo-Inhaler,  Fisons)  and  albuterol 
(Ventolin  Rotacaps  and  Rotahaler  device,  Allen  & 
Hanburys).  Both  use  a  gelatin  capsule  containing 
a  micronized  powder  of  the  drug  and  a  lactose  carrier 
substance  to  aid  in  dispersion  of  the  powder  during 
inhalation.  Prior  to  inhalation,  the  capsule  is  pierced 
or  opened  by  the  device  to  release  the  contents. 
New  developments  with  this  type  of  device  are 
emerging.  Terbutaline  is  now  marketed  in  the  United 
Kingdom  and  Europe  as  a  multiple-dose  powder 
inhaler  containing  200  doses  (Turbohaler,  UK),  with 
no  carrier  substances  such  as  glucose  or  lactose.*^- 
Fenoterol,  a  beta-adrenergic  bronchodilator,  is  also 
available  in  powder  form. 

Such  inhalers  offer  the  convenience  of  MDI  use, 
but  eliminate  the  need  for  hand-breath  coordination. 
It  has  also  been  shown  that  head  tilting  during 
inspiration  and  breath-holding  afterwards  do  not 
significantly  add  to  the  efficacy  of  the  DPI.''-''  This 
further  simplifies  their  use.  Other  advantages  and 
disadvantages  are  given  in  Table  8. 

Two  limitations  of  DPI  devices  currently  used 
in  this  country  are  the  need  for  high  inspiratory 


Table  8.  Advantages  and  Disadvantages  of  Dry  Powder 
Inhalers  for  Aerosol  Delivery 


Advantages 

Efficient  drug  delivery 

Portable 

Short  preparation  and 
administration  time 

Little  hand-breath 
coordination  needed; 
no  head  tilt  or 
breath-hold  needed 

No  chlorofluorocarbon 
propellant 

Easy  count  of  drug 
doses 


Disadvantages 

Limited  range  of  available  drugs 

Possible  airway  irritation 
from  dry  powder 

Possible  reaction  to  lactose  or 
glucose  carrier 

Require  high  inspiratory 

flowrates 
Require  loading  before  use 

Less  useful  than  other  modes  in 
acute  obstruction 


flowrates  and  the  need  to  load  and  operate  the  inhaler 
device.  Inspiratory  flowrates  below  50  L/min  have 
been  associated  with  a  significant  reduction  in 
clinical  response  using  the  Rotahaler.'*''-^'*  During 
acute  asthmatic  episodes,  children  may  have  peak 
inspiratory  flowrates  reduced  below  this  level.  In 
addition,  very  young  children  (below  5  years)  or 
children  experiencing  acute  dyspnea  may  have 
problems  with  correct  handling  of  the  DPI."*-^  It  is 
recommended  that  alternative  forms  of  aerosol 
delivery  be  considered  during  acute  wheezing 
episodes,  and  that  careful  adult  supervision  ensure 
correct  use  by  young  patients. 

The  need  for  high  flowrates  does  not  appear  to 
be  present  with  the  terbutaline  dry-powder  multiple- 
dose  inhaler,  available  in  the  United  Kingdom  as 
the  Turbohaler  and  in  Europe  as  the  Turbuhaler. 
In  a  study  of  the  device  by  Pedersen  and  co- 
authors.''* the  effect  on  the  FEVj  of  children  aged 
7-15  years  was  virtually  identical  with  inspiratory 
flowrates  of  either  60  L/min  or  31  L/min.  The 
investigators  found  that  42  of  57  children  between 
3.5  and  6  years  of  age  could  generate  a  peak 
inspiratory  flowrate  (PIFR)  greater  than  28  L/min. 
Therefore,  a  sizeable  percentage  of  children  as 
young  as  3  years  can  use  this  device  with  good 
results.  In  the  study,  the  Turbuhaler  was  reported 
to  retain  approximately  33%  of  its  effect  even  at 
inspiratory  flows  of  13  L/min.  Unfortunately,  this 
device  is  not  available  in  the  United  States  at  this 
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time  (1991).  Other  improvements  in  the  dry  powder 
application  include  a  breath-actuated  inhaler, 
containing  400  doses  of  salbutamol  (albuterol), 
triggered  by  inspiratory  flows  of  30  L/min,  and  a 
Diskhaler,  an  8-dose  reloadable  device  similar  to 
the  Rotahaler."^ 

DPIs  have  been  shown  to  be  as  effective  as 
MDIs.''**'™  Their  simpler  use  makes  this  formulation 
an  attractive  alternative  for  aerosol  delivery,  with 
the  qualifications  noted.  As  newer  multiple-dose 
devices  that  operate  effectively  at  lower  inspiratory 
flows  become  available  in  the  United  States.  DPIs 
may  become  the  prescription  of  choice  for  both  adult 
and  pediatric  patients,  replacing  the  MDI  and  bulky, 
cumbersome  nebulizer  systems. 

Aerosol  Delivery  via  Face  Mask 

With  very  young  spontaneously  breathing 
children  or  infants,  aerosolized  drugs  are  usually 
administered  via  a  mask.  The  MDI-spacer-mask 
combination  was  previously  noted,  although  a  jet 
nebulizer  with  mask  is  more  common.  Little  is 
known  concerning  the  amount  of  drug  that  reaches 
the  lung  under  these  conditions  of  delivery.  In  a 
review  article,  Silverman**-^  cites  a  number  of  factors 
that  can  affect  mask  delivery:  particle  size,  the  use 
and  characteristics  of  a  spacer,  distance  of  the  jet 
from  the  face,  tidal  volume,  inspiratory  flowrate 
and  effect  of  nose-breathing.  A  study  by  Salmon 
and  colleagues""  has  indirectly  quantified  the 
amount  of  cromolyn  sodium  reaching  the  lungs  of 
infants  with  a  mask.  That  study  used  urine-plasma 
ratio  and  the  absorption  kinetics  of  cromolyn  to 
estimate  lung  delivery  from  amounts  of  the  drug 
in  the  urine.  Delivery  from  an  MDI-spacer  gave 
an  estimated  lung  deposition  of  only  0.13%  and 
from  an  Acorn  nebulizer  at  8  L/min  only  0.33% 
of  the  total  dose  of  20  mg.  An  Intal-5  MDI  with 
4  puffs  was  used  to  equate  the  doses.  In  the  same 
study,  adults  who  were  instructed  to  nose  breathe, 
achieved  a  0.65%  lung  deposition  with  the  nebulizer. 
Although  twice  the  infants'  deposition  rate,  this  is 
far  below  the  usual  10-207^  quoted  for  lung  delivery 
of  an  inspired  aerosol.  In  a  study  of  clinical  effect 
of  face  mask  versus  mouthpiece,  Steventon  and 
Wilson^-*  found  no  difference  in  symptoms  or  peak 


expiratory  flows.  Flaws  in  that  study  have  been 
previously  noted.  Until  further  data  are  available 
on  mask  delivery  in  infants,  we  must  assume  that 
a  very  small  percentage  of  drug  reaches  the  lung 
by  this  mode,  and  this  is  consistent  with  Salmon's 
indirect  estimate."" 

Aerosol  Delivery  in  Intubated  Patients 

Despite  the  uncertainties  surrounding  aerosol 
delivery  to  spontaneously  breathing  patients,  both 
adult  and  pediatric,  the  question  of  aerosol  delivery 
to  intubated  and  ventilated  subjects  .seems  to  have 
become  the  topic  of  the  day.  This  is  evidenced  in 
the  excellent  editorial  by  Hess  in  a  recent  issue 
of  Respiratory  Care,"'-  and  in  the  number  of 
references  to  the  oft-quoted  1985  study  of  Maclntyre 
and  associates.'"^ 

Deposition  Studies 

Beginning  with  an  abstract  in  1981  by  Fraser 
and  co-workers,"''*  data  have  accumulated  on 
amounts  of  aerosol  delivered  through  endotracheal 
tubes  (ETTs)  during  mechanical  ventilation.  In 
general,  the  data  show  less  deposition  in  the  lung 
with  this  fonn  of  delivery  compared  to  deposition 
in  spontaneously  breathing  subjects.  Table  9 
summarizes  the  results  of  studies  applicable  to  the 
adult  and  neonatal-pediatric  population.'"-* '"'*  In 
those  studies,  lung  deposition  ranges  from  1.22% 
to  5.65%  for  adults,  and  0. 19%  to  0.69%  for  neonates 
and  children.  The  percentage  of  total  dose  deposited 
with  MDI  and  nebulizer  in  nonintubated  subjects 
is  usually  given  at  10%,  and  under  optimal 
conditions  with  an  extension  chamber  at  as  much 
as  20%>.'"''"  For  intubated  infants,  lung  deposition 
of  approximately  0.5%  is  only  I /20th  that  seen  in 
the  non-intubated  adult  and  about  1/1 0th  that  of 
an  intubated  adult's  average  of  5%.  This  suggests 
the  need  for  a  much  larger  dose  of  drug  to  have 
an  equivalent  dose  deposited  in  an  intubated  infant. 
Whether  this  is  necessary  for  maximum  clinical 
effect  must  be  detemiined  by  appropriate  dose- 
response  studies  to  account  for  other  variables  such 
as  age.  lung  development,  and  ventilatory  variables. 

The  primary  factor  reducing  lung  deposition  in 
intubated  subjects  is  theorized  to  bo  the  baflling 
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Table  9.  Summary  of  Studies  Examining  Percentage  of  Aerosol  Dose  Reaching  the  Lung  in  Intubated  Subjects 


Tube  Size 

Device 

%  Deposition 

Comments 

Reference 

Adult  Studies 

>  7  mm 

SVN* 

2.9  ±  0.7 

In  vivo,  proximal 

Maclntyreetal"" 

8.0  mm 

SVN 

1.62  ±  1.28 

Abstract  only 

Eraser  et  all w 

Unspecified 

SVN 

1.22  ±0.35 

MDI 

5.65  ±  1 .09 

Extension  chamber 

Fuller  etui'"' 

7.5  mm 

MDl 

4.7  ±  3.2 

In  vivo,  proximal 

Crogan  et  al""" 

Neonalal-Pedlatric  Studies 

3.0  mm 

SVN 

0.19±0.1  to  l.96±  1.19 

Rabbit  model 

Flavin  etaPOT 

Unspecified 

SVN 

0.28  ±0.1 

Newborn  piglets 

Banks  et  alios 

3.-5  mm 

SVNt 

USN 

0.69 
0.60 

In  vivo,  filters 

Cameron  et  al'"^ 

*SVN  =  small  volume  nebulizer:  MDI  =  metered  dose  inhaler;  USN  =  ultrasonic  nebulizer. 
tAverage  with  4  types  of  nebulizer:  Ultravent,  Acorn,  MAD2,  SPAG. 


effect  of  the  ETT  on  inertial  impaction  of  particles. 
This  was  clearly  evidenced  in  Crogan  and  Bishop's 
study,'"''  which  found  that  the  smaller  the  ETT,  the 
less  aerosol  was  delivered  through  to  the  airway. 
Another  study  by  Flavin  and  associates""  showed 
that  out  of  the  small  amount  of  drug  reaching  the 
airway,  60-90%  stayed  in  the  ETT  and  10-40% 
reached  the  lung,  further  reducing  the  amount  acting 
on  the  target  organ.  Maclntyre's  results""  contrast 
somewhat  by  showing  that  only  28%  of  the  dose 
stays  in  the  ETT,  although  that  study  had  few 
subjects  (7  intubated)  and  was  vague  on  the  exact 
method  of  aerosolization.  Presumably  an  IPPB 
device  was  used,  which  can  affect  the  results  on 
deposition."-  Extrapolating  from  these  results  can 
lead  to  the  conclusion  that  very  little  aerosol  gets 
through  an  infant-sized  airway,  which  is  consistent 
with  the  animal  model  and  lung  model  studies  in 
Table  9. 

Results  of  the  studies  of  Girard  et  al"  ^  and  Ahrens 
et  al"-*  contradict  the  notion  that  deposition  of 
aerosol  in  intubated  subjects  is  generally  less  than 
in  unintubated  subjects.  The  first  is  an  adult  study 
that  coinpared  plasma  concentrations  of  aerosolized 
pentamidine  in  intubated  and  non-intubated 
subjects."^  Girard  and  associates  found  peak  plasma 
concentrations  of  aerosolized  pentamidine  in 
adults  of  65.6  ±  9.4   |xgs/L   in   unintubated,   but 


215.8  ±49.8  |jLg/L  in  the  intubated  subjects.  This 
implies  a  higher  lung  deposition  with  intubation  and 
ventilation  than  with  spontaneously  breathing 
subjects,  which  contradicts  the  literature  showing 
reduced  ETT  delivery  of  aerosols.  The  authors 
speculated  that  this  may  be  due  to:  reduced  loss 
with  the  inline  ventilator  system  (which  is  unlikely), 
reduced  particle  size  with  high  inspiratory  flowrate, 
and  possibly  increased  alveolocapillary  uptake  due 
to  the  inflammatory  process  of  Pneumocystis 
pneumonia.  The  nebulizer  u.sed  was  an  ultrasonic 
(DeVilbiss  UltraNeb  99),  which  produces  a  particle 
size  of  4.6  ixm  MMAD  (not  especially  small  for 
peripheral  deposition).  Perhaps  more  significantly, 
the  ultrasonic  replaced  the  humidifier  in  the 
inspiratory  limb  of  the  ventilator  circuit. 

The  in-vitro  study  performed  by  Ahrens  and 
associates,"'*  found  reduced  delivery  of  aerosol  to 
the  lung  with  a  conventional  jet  nebulizer  (Intec 
Fan  Jet)  producing  a  MMAD  of  3.4  |xm.  However, 
the  delivery  to  the  lung  was  still  higher  than  the 
studies  referenced  in  Table  9,  with  over  25% 
delivery  using  a  3.0-mm  ETT  and  an  inspiratory 
flowrate  of  7.5  L/min  in  their  ventilated  lung  model. 
The  surprising  aspect  of  the  study  was  that  a 
submicronic  aerosol  generator  (Mallinckrodt 
Ultravent)  that  produced  a  MMAD  measured  at  0.54 
)jLm  at  the  nebulizer  outlet,  delivered  78-99%  of 
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the  dose  beyond  the  ETT.  with  3.0-mm-,  6.0-mm-, 
and  9.0-mm-diameter  tubes  at  various  Howrates. 
This  contrasts  sharply  with  Flavin  et  ai's  in-vivo 
study  on  piglets  that  showed  0.70%  to  1.96% 
deposition  through  a  3.0-mm  ETT  with  the  same 
Ultravent  nebulizer. 'O''  Flavin  et  al  measured  particle 
size  at  0.80  ixm  MMAD  by  the  same  method  as 
used  by  Ahrens  (a  7-stage  cascade  impactor).  Fuller 
et  al."^-^  in  discussing  aerosol  delivery  results  with 
intubated  patients,  comment  that  pilot  laboratory 
models  at  their  center  showed  considerably  greater 
deposition  than  in-vivo  studies.  Silverman's  review 
article**-'  offers  a  possible  explanation  for  the 
difference  in  in-vitro  and  in-vivo  studies  by  pointing 
out  that  using  filters  to  assess  delivery  may  be 
inaccurate.  Rainout  of  aerosol  in  the  tubing  may 
contaminate  the  filter  by  dripping,  adding  consid- 
erably to  the  dose  estimate  from  weight  of  the  filter. 
This  occurrence  was  explicitly  acknowledged  in 
Ahren  et  al's  study,"''  and  may  help  explain  the 
high  delivery  results  obtained. 

If  the  contradictory  results  cited  are  not  in  fact 
representative,  the  conclusion  that  aerosol  delivery 
to  the  lung  decreases  with  smaller-sized  ETTs  has 
implications  for  intrapulmonary  delivery  and 
distribution  of  aerosols  in  infants.  At  birth,  an  infant 
has  tracheal  dimensions  of  4-6  mm  diameter  with 
40-mm  length,  compared  to  an  18-mm  diameter  and 
120-mm  length  in  the  adult. "^  Bronchi  and 
bronchioles  are  similarly  smaller.  In  addition  to 
particle  baffling  by  small  ETTs,  a  reduction  in 
airway  size  has  been  shown  to  cause  reduced 
penetration  of  aerosols."*'  If  small  aerosol  particles 
of  2.0  )jLm  are  needed  to  reach  peripheral  airways 
in  adults  (approximately  2  mm  in  size),  even  smaller 
particles  may  be  needed  to  penetrate  beyond  the 
trachea  of  intubated  infants.  Otherwise  no  effect 
on  the  infant's  peripheral  airways  will  be  seen.  At 
this  time,  optimal  aerosol  size  distributions  for 
infants  are  not  known. 


Variables  in  Delivery  Methods 

The  confusing  array  of  possible  configurations 
for  aerosol  delivery  systems  to  intubated  subjects 
makes  interpretation  or  reconciliation  ot  coiiHicting 
results   difficult    (as    with    ihc    larger   question   of 


aerosol  delivery,  in  general).  At  least  eight  variables 
have  been  studied  in  the  research  literature. 

1.  The  position  in  the  ventilator  circuit  of  either 
the  nebulizer  or  the  MDI  device  is  one  variable 
that  has  been  examined."^  Results  suggest  that 
positioning  an  aerosol  generator  upstream  from  the 
Y-piece  connected  to  the  ETT  increases  the  amount 
of  aerosol  reaching  the  tube  and  ultimately  the  lung. 
This  is  consistent  with  Fuller's  study,'"-^  in  which 
a  MDI  coupled  with  a  5  x  lO-cm  extension  chamber 
placed  20  cm  before  the  Y-piece  improved 
deposition.  In  that  study,  the  MDI  outperformed 
nearly  five-fold  a  nebulizer  placed  70  cm  upstream 
from  the  Y-piece.  The  practice  of  placing  either 
type  of  aerosol  generator  at  the  patient  Y  or  directly 
on  the  ETT  is  not  supported  by  these  results.  Yet, 
a  recent  survey  by  Salyer  and  Chatbum"**  found 
that  in  54%  of  neonatal  and  59%  of  pediatric  patients 
aerosols  were  administered  by  nebulizer  inline  at 
the  patient  Y. 

2.  Use  of  a  mechanical  ventilator  introduces  a 
number  of  additional  variables  that  can  affect  aerosol 
delivery  including  flowrate,  peak  pressure,  and  tidal 
volume;  respiratory  frequency;  inspiratory,  expira- 
tory versus  continuous  nebulization;  inspiratory  time 
or  I-E  ratio;  and  mode  of  ventilation.  Results  of 
a  number  of  investigations  have  been  presented  only 
in  abstract  form."''  '-'  This  fact  plus  the  number 
of  variables  introduced  with  ventilatory  assistance 
have  created  a  need  for  comprehensive  systematic 
investigation  in  fully  described  studies.  Results  from 
two  centers  are  compared  in  Table  10.""^'--  It  is 
interesting  that  no  agreement  exists  on  variables 
such  as  tidal  volume  and  frequency,  examined  in 
both  centers.  A  partial  explanation  may  be  the 
substantial  differences  between  protocols.  The 
Swedish  study  of  Dahlback  and  associates'--  utilized 
a  system  in  which  a  jet  nebulizer  (Viasol,  MA2) 
is  operated  during  the  expiratory  phase  only  and 
the  duration  of  nebulization  is  controlled.  For 
example,  nebulization  could  be  set  to  occur  only 
during  the  last  half  of  the  expiratory  phase.  The 
Loma  Linda  nebulizers  (AeroMist,  AeroTech  II, 
Ultravent)  were  run  continuously,  inline  with  the 
ventilator  circuit."'''-' 
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Table  10.  Relationship  between  Ventilatory  Variables  and  Aerosol  Delivery  in  Studies  Conducted  at  Loma  Linda  University  Medical 
Center  and  the  University  ol  Lund.  Sweden 

Effect  on  Aerosol  Delivery 
Variable  Loma  Linda' '"'^i  Lund'^^ 

Nebulizer  flowrate  Aerosol  increased  as  flowrate  increased  Not  examined 

Nebulizer-to-Y  volume  Uncorrelated  Aerosol  increased  as  volume  increased 

Peak  pressure  increase  (ie.  increased  Vj)  Aerosol  increased  as  pressure  increased  Uncorrelated 

Respiratory  frequency  Aerosol  increased  as  frequency  increased  Aerosol  decreased  as  frequency  increased 

Duration  of  nebulization  Not  examined  Aerosol  increased  as  nebulization  time  increased 


3.  Specific  areas  of  the  lung  may  be  targeted  for 
aerosol  delivery  by  manipulating  breathing  pattern 
and  particle  size.  This  supports  the  view  that 
ventilatory  variables  influence  drug  delivery  and 
need  to  be  studied.  Dahlback  and  associates'-'  found 
that  peripheral  versus  central  lung  deposition  was 
60%  and  40%  with  deep  slow  breaths  of  0.5-|j.m 
particles,  and  shifted  to  a  30%  and  70%  pattern 
with  rapid  shallow  breaths  of  2  ixm  particles.  The 
study  was  performed  on  tracheotomized  rabbits, 
making  it  applicable  to  infants,  although  airway  size 
was  not  specified. 

In  order  to  investigate  the  clinical  utility  of 
tailored  particle  sizes,  one  needs  to  correlate  the 
specific  drug  agent  with  the  site  of  the  target 
receptors  in  the  airway.  As  a  specific  example,  beta^- 
receptors  are  found  throughout  large  and  small 
airways.'--''-^  Because  the  peripheral  airways 
comprise  the  largest  cross-section  of  conductance, 
it  is  reasonable  to  hypothesize  that  beta-agonists 
should  be  targeted  to  the  periphery  for  greater 
bronchodilating  effect.  This  has,  in  fact,  been 
substantiated  by  two  separate  studies.'-'''-'*  For 
example,  Patel  and  associates'-^  found  greater  effect 
on  forced  expiratory  flow  at  25%  and  75%  of  vital 
capacity  {FEF25.75<7,)  with -2.5  |xm  particles  of 
isoproterenol  compared  to  5.0- |xm.  Yet,  two 
different  studies  have  presented  other  results  that 
seem  to  contradict  this  effect  of  particle  size.'-"^"" 
Both  studies  examined  the  influence  of  nebulizer 
flowrate,  which  determines  the  particle  sizes  a 
nebulizer  produces,  on  expiratory  flow  after 
bronchodilator  administration.'"  The  studies  used 
FEV,  and  PEFR,  which  are  measures  of  large  airway 
function.  Neither  of  these  studies  could  detect  an 
effect   on   small   airways,   providing   yet   another 


example  of  study  methodology  causing  differences 
among  reported  results. 

4.  The  question  of  manual  versus  ventilator  delivery 
of  aerosol  was  examined  in  an  abstract  by  Henry 
and  Chatbum. '  "•-  Under  the  conditions  of  their  study, 
manual  ventilation  with  continuous  nebulization  by 
a  Puritan-Bennett  Raindrop  nebulizer  was  less 
effective  (2.46%  ±  3%  delivered)  than  intermittent 
nebulization  with  a  Bennett  MA-1  (25.8%  ±3%). 
The  nebulizer  was  placed  at  the  manifold  upstream 
from  the  Y. 

5.  It  should  be  realized  that  addition  of  a 
continuously  operated  nebulizer  inline  with  a 
ventilator  circuit  can  affect  both  volumes  and 
pressures  delivered  to  the  patient.  In  an  abstract, 
Salyer  and  associates'"*'  reported  significant 
increases  in  peak  pressures  and  tidal  volumes  during 
volume  ventilation  of  an  infant  lung  model  when 
continous  nebulization  was  used.  Results  at  our  own 
laboratory  have  been  similar  to  Salyer's.  Figure  3 
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Fig.  3.  Predicted  volumes  added  to  a  ventilator  circuit  by 
an  inline  nebulizer,  calculated  from  nebulizer  flowrate  and 
inspiratory  time.  Values  are  at  body  temperature  and 
pressure,  saturated  (BTPS).  ■  0.5-s  inspiration, 
I  0.67-s  inspiration,  Q  1.0-s  inspiration. 
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illustrates  calculated  volumes  added  by  an  inline 
nebulizer  for  varying  nebulizer  flowrates  and 
inspiratory  times.  In  an  infant,  these  amounts  can 
become  large  even  with  a  '/2-s  inspiratory  time. 
Based  on  the  findings  of  Ahrens  et  al"-*  and 
Dahlback  et  al'^^  that  smaller  particles  may  improve 
deposition  with  small  ETTs,  higher  rather  than  lower 
nebulizer  flowrates  would  be  needed.  This  is  based 
on  the  fact  that  the  size  of  particles  produced  by 
a  jet  nebulizer  decreases  as  nebulizer  flowrate  in- 
creases.'-" One  text  on  respiratory  care  for  neonates 
and  children-*^  states  that  nebulizer  flowrate  should 
be  adapted  to  the  patient's  respiratory  pattern  and 
that  a  flow  of  4  L/min  is  sufficient  for  a  resting 
infant.  This  recommendation  ignores  the  fact  that 
flowrates  greater  than  8  L/min  are  needed  with  some 
nebulizers  to  produce  particle  sizes  smaller  than  5 
ixm.'""  This  holds  for  both  spontaneously  breathing 
and  intubated  subjects.  Because  higher  flowrates 
also  waste  a  good  deal  of  the  dose  during  expiration, 
newer  systems  of  delivery,  including  ones  with 
lower  flowrates,  are  needed  for  infants  and  children. 
Continuous  inline  nebulization  can  inactivate 
alarms,  adversely  affect  expiratory  flowsensors,  and 
complicate  pressure-supported  ventilation. '^^ 

Even  an  MDI  can  add  appreciable  volume  when 
discharged  into  a  ventilator  circuit.  Measurements 
at  this  institution  (unpublished)  have  shown  mean 
volumes  of  53  mL  per  discharge  for  Proventil  MDIs 
and  72.5  mL  per  discharge  for  Atrovent  MDIs.  We 
also  noticed  that  MDI  volume  delivery  (and. 
therefore,  possibly  drug  delivery)  was  reduced  with 
discharge  against  an  opposing  pressure. 


6.  Results  of  studies  on  aerosol  delivery  of  drugs 
are  not  consistent  with  respect  to  the  particle  size 
produced  by  various  generators.  Table  1 1  reports 
particle  sizes  given  for  the  Mallinckrodt  Ultravent 
(fomierly  the  SynteVent)  in  four  different  stu- 
dies.i07.i09.u4,i35  Sizes  range  from  0.31  [jim  to  1.8 
|jLm,  an  almost  6-fold  difference.  At  least  two  factors 
can  influence  the  measurement  of  particle  size:  the 
site  where  the  particle  is  sampled  and  the  method 
of  measurement.  Because  this  affects  interpretation 
of  results,  I  recommend  that  site  and  method  of 
measurement  be  reported  in  all  studies  of  aerosol 
delivery  in  which  such  measurements  are  made  and 
that  therapeutic  delivery  conditions  be  reproduced 
to  the  extent  possible. 

7.  Another  source  of  variability  in  aerosol  drug 
delivery  is  the  lack  of  equivalent  doses  with  MDI 
and  nebulizer  administration.  For  example,  the 
recommended  MDI  dose  of  albuterol  in  the  United 
States  is  0.180  mg  (90  |jLg/puff,  but  the  nebulizer 
dose  is  2.5  mg."  This  is  a  14-fold  difference  in 
strength.  Yet,  the  entire  literature  states  that 
approximately  10%  of  the  dose,  by  either  nebulizer, 
MDI,  or  MDI  with  an  extension,  reaches  the 
lung.''^"^'"  The  difference  is  simply  where  the 
remaining  90%  or  so  is  lost:  room  and  nebulizer 
apparatus,  oropharynx  (MDI),  or  holding  chamber 
(MDI  with  extension).'^*  If  the  lung  deposition 
fraction  is  truly  the  same,  then  very  different  doses 
are  being  given  with  these  different  methods  of 
administration.  Several  studies  using  identical  doses 
have  shown  that  2-  to  4-fold  response  differences 
are  seen   with   nebulizer  versus   MDI.'^^'^**  This 


Table  1 1 .  Comparison  of  Aerosol  Particle  Sizes  Produced  by  the  Ultravent  Nebulizer  and  Measured  at  Various  Sites  by 
Various  Methods 


Investigators 


Particle  Size  (microns) 


Site 


Method 


Ravin  et  al"" 

Cameron  et  al'"' 
Ahrens  et  al"-* 


Dahlback  et  all" 


1.8 
1.2 

0.8 

0.54 
0.49 
0.54 
0.49 

0.31 


Nebulizer 
EndofETT* 

Unspecified 

Nebulizer 

Main-stem  bronchus.  3-nuii  ETT 
Main-stem  bronchus,  6-nun  EIT 
Main-stem  bronchus,  9-mm  ETT 

Unspecified 


Laser 
Laser 

7-stage  cascade  impactor 

7-stage  impactor 


Electrical  aerosol  analyzer 


♦ETT  =  endotracheal  tube. 
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suggests  that  different  lung  deposition  rates  exist 
for  MDIs  and  nebulizers,  but  that  the  difference 
is  not  14-fold  as  the  dose  difference  implies.  Recent 
adult  studies  have  recommended  MDI  doses 
2'/:  X  higher  than  customarily  prescribed  to  achieve 
results  equivalent  to  results  via  nebulizer  de- 
livery.'-"'■'•*f'  This  is  consistent  with  the  2-  to  4-fold 
difference  reported.  The  use  of  equipotent  doses 
(that  is.  doses  that  give  the  same  amount  of 
bronchodilation)  requires  dose-response  studies  not 
just  for  the  drug  but  for  the  drug  with  the  specific 
method  of  delivery.  The  preliminary  studies  cited 
have  begun  to  dispel  the  myth  that  an  MDI  is  less 
effective  than  a  nebulizer.  Patients  simply  may  have 
been  underdosed  with  the  MDI.  To  summarize, 
comparisons  of  aerosol  delivery  methods  require 
equipotent  doses  among  the  methods  to  avoid 
confounding  the  results.  This  probably  will  require 
1:2  or  1:4  of  doses  between  MDI  and  nebulizer 
rather  than  the  1:14  ratio  currently  seen  in 
commercial  aerosol  drug  preparations.  This  is 
achieved  by  increasing  the  number  of  puffs  from 
the  MDI — not  by  reducing  the  nebulizer  amount.'" 

8.  A  possible  inaccuracy  when  nebulizer  drug 
output  is  estimated  from  weight  loss  from  the 
nebulizer  solution  has  been  pointed  out  by 
O'Callaghan.''*'  For  example,  if  2  mL  of  cromolyn 
sodium  20  mg  is  nebulized,  and  the  weight 
equivalent  of  1  mL  of  solution  is  lost,  then  the 
delivered  dose  is  customarily  calculated  as  10  mg. 
O'Callaghan  and  associates  compared  calculated 
values  to  assays  of  the  aerosol  cloud  produced  and 
concluded  that  weight  calculations  overestimate 
drug  output  because  some  of  the  liquid  evaporates 
and  is  not  delivered. 

Summary  and  Conclusions 

My  analysis  of  the  literature  suggests  that: 

•  Equipment  specifically  designed  for  efficient 
nebulizer  delivery  of  aerosols  to  infants  and 
children  is  needed; 

•  the  numerous  variables  in  the  delivery  system  can 
cause  variation  in  research  results  for  aerosol 
delivery  to  infants  and  children: 

•  the  investigational  protocol  (specifically,  the 
variable  measured  to  determine  outcome)  can 
further  cause  differences  in  conclusions  affecting 
results. 


Further,  analysis  of  the  literature  leads  me  to 
conclude  and  recommend: 

•  Aerosol  delivery  through  an  ETT  is  less  than 
delivery  through  the  unintubated  airway. 

•  Smaller  aerosol  particle  sizes  may  be  needed  to 
increase  dose  delivery,  with  both  ETT  and  small 
infant  airways. 

•  Alternatively,  larger  doses  of  drug  may  need  to  be 
aerosolized  to  compensate  for  reduced  delivery. 

•  Equipotent  doses  for  nebulizer  and  MDI  delivery 
range  between  2:1  and  4:1  but  formulated 
strengths  range  from  about  10:1  to  14:1. 

•  Dose-response  studies  are  needed  with  equipotent 
doses  when  different  delivery  modes  are  used  or 
compared.  This  is  likely  to  require  higher  MDI 
dosages  than  previously  used. 

•  Clinical  effect  should  be  correlated  with  quanti- 
tative deposition  studies. 

•  Studies  on  aerosolized  drug  delivery  should 
include  full  specification  of  all  details  of  the 
delivery  system. 

•  The  lack  of  consistency  in  the  effect  of  ventilatory 
variables  on  aerosol  delivery  and  clinical  effect, 
reported  in  numerous  abstracts,  needs  to  be 
resolved  by  the  results  of  well-executed  studies 
reported  in  peer-reviewed  journals. 

CLINICAL  EFFECTS  OF 

AEROSOLIZED  DRUGS  IN 

NEONATAL  AND  PEDIATRIC  PATIENTS 

Most  aerosolized  drug  therapy  is  targeted  at 
infants  who  wheeze  and  pediatric  subjects  with 
reactive  airway  disease.  Drugs  given  by  aerosol  to 
this  population  include  beta-adrenergics,  anticho- 
linergics (ipratropium  bromide),  cromolyn  sodium, 
corticosteroids,  and  ribavirin. 

Controversy  exists  in  the  literature  regarding  the 
efficacy  of  aerosolized  beta-agonists  in  young 
infants,  and  is  acknowledged  in  the  introduction 
of  many  research  studies  on  the  subject.  There  is 
less  questioning  of  the  efficacy  of  aerosolized  drugs, 
both  bronchodilators  and  others,  in  children. 
Consequently,  in  discussing  the  use  of  aerosols  in 
infants,  I  emphasize  the  bronchodilators  and  provide 
only  a  summary  of  other  drug  classes. 

Beta-Adrenergic  Bronchodilators 

The  question  of  the  effectiveness  of  beta- 
adrenergic   bronchodilators   in   infants  raises  two 
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issues:  the  nature  and  cause  of  the  airway  obstruction 
and  the  presence  of  smooth  muscle  and  beta- 
receptors  in  neonatal  and  infant  airways.  The 
question  is  further  complicated  by  the  two  variables 
already  discussed  and  well-stated  in  Kelly's 
excellent  review:'''  the  lack  of  adequate  objective 
measures  of  obstruction  in  infants  and  the  difficulty 
in  delivering  aerosols  to  infants. 


Table  12.  Causes  of  Wheezing  in  Infants  and  Children 

Asthma 

Aspiration 

Bronchiolitis 

Cystic  fibrosis 

Foreign  body 

Bronchopulmonary  dysplasia 

Left  ventricular  failure 

Mediastinal  masses 

Tracheomalacia,  bronchomalacia 

Tracheal  webs  or  tracheal  stenosis 

Vascular  rings 


The  Pathophysiology  of  Wheezing 

Wheezing  is  the  clinical  sign  that  usually  leads 
to  bronchodilator  trial.  Wheezing  can  be  produced 
by  the  causes  listed  in  Table  12.  To  paraphrase 
the  old  asthma  axiom,  not  all  that  wheezes  responds 
to  bronchodilator  therapy.  For  example,  wheezing 
caused  by  mediastinal  masses,  fluid  overload,  or 
left-ventricular  failure  does  not  respond  to 
bronchodilator  therapy,  but  can  usually  be  readily 
differentiated  by  history,  clinical  picture,  and 
diagnostic  testing.  Bronchodilator  therapy  is  most 
often  utilized  when  wheezing  is  present  in 
bronchiolitis,  bronchopulmonary  dysplasia  (BPD), 
and  cystic  fibrosis.  Acute  bronchiolitis  occurs  with 
young  infants  and  is  almost  always  viral  in 
origin.""'"-  About  50%  of  infants  with  acute 
bronchiolitis  exhibit  wheezing,  and  approximately 
the  same  proportion  subsequently  develop 
asthma.'" ■''•3  Viral  bronchiolitis,  asthma,  and  BPD 
all  involve  inflammation  of  the  airway.'''"''*-''  The 
pathophysiology  of  bronchiolitis  is  well-described 
by  Tabachnik  and  Levison:*"  Increased  airway 
resistance  and  gas  trapping  with  increased  residual 


volume  and  functional  residual  capacity  (FRC).  This 
increases  the  elastic  work  of  breathing.  The  problem 
for  bronchodilator  therapy  in  these  disorders  is  that 
the  cause(s)  of  obstruction  can  vary.  Inflammation 
of  the  airway  results  not  only  in  smooth  muscle 
constriction  but  also  in  mucosal  edema,  excess  mucus 
secretion,  epithelial  sloughing,  and  intra- 
luminal cellular  debris,  as  illustrated  in  Figure 
4  41,144,146.147  jYiQ  relative  contribution  of  these 
multiple  processes  of  inflammation  affects  bron- 
chodilator response.'"**  Smooth-muscle  constriction 
responds  most  readily  to  bronchodilators  with  a  fall 
in  airway  resistance.  Relaxation  of  .smooth  muscle 
may  cause  varying  effects  on  wheezing  when  the 
other  causes  of  obstruction  (edema  and  secretions) 
are  present,  including  an  increase  in  wheeze  as  air 


Smooth  Muscle 
Constriction 


Mucosal  Edema 
Secretions 


Fibrosis 


Fig.  4.  Components  that  can  contribute  to  airway 
obstruction  with  inflammatory  disorders  such  as  viral 
bronchiolitis  or  bronchopulmonary  dysplasia  (BPD).  Such 
obstruction  leads  to  gas  trapping  (with  increases  in  residual 
volume  and  decreases  in  vital  capacity)  and  increases 
in  ainways  resistance,  with  a  consequent  increase  in  work 
of  breathing. 
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moves  past  the  obstruction.  Bronchodilators  dt)  not 
directly  reduce  edema,  fibrosis,  or  secretions.  As 
a  result,  even  when  such  drugs  arc  restricted  to 
the  disorders  of  wheezy  bronchiolitis  and  asthma, 
it  is  not  possible  to  predict  response  without  an 
empirical  trial  of  therapy.  Better  techniques  for 
assessing  the  role  of  mucus,  edema,  and  smooth 
muscle  in  airway  obstruction  could  improve  criteria 
for  use  of  bronchodilator  therapy  in  these  disorders. 

Presence  of  Beta-Receptors  in  Neonates 

Research  over  the  last  10  years  illuminates  the 
question  of  beta-receptors  in  neonatal  airways. '-■*■'■*'*■'''*' 
Using  the  technique  of  radioligand  binding,  the 
following  conclusions  have  been  reached: 

•  Beta-adrenergic  receptors  are  present  and 
functional  in  the  human  fetal  lung  as  early  as 
the  .second  trimester.'^''' 

•  Beta-adrenergic  receptor  concentration  increases 
with  gestational  age.'^'' 

•  Betai-receptors  predominate  in  human  fetal 
lung.''-*'^ 

•  Receptor  affinities  for  agonists  seem  to  be  greater 
in  young  animals  compared  to  older  ones.'^'' 

•  Receptor  densities  are  lower  in  tissues  of  young 
animals.'-"* 

•  Wheezing  infants  in  the  first  year  of  life  have 
highly  effective  beta^-receptors  as  evidenced  by 
the  ability  of  salbutamol  to  abolish  the  reponse 
to  histamine  challenge. '^o 

These  findings  are  consistent  with  those  of  Roan 
and  Galant,'-'''  who  found  a  decreased  number  of 
beta-receptor  sites  in  neonatal  cord-blood  neutro- 
phils compared  to  the  number  of  sites  in  adults. 
Most  species  exhibit  ontogenetic  changes  in  receptor 
response  and  density. '-^-•'5''  Insel  and  Motulsky''^' 
caution  against  use  of  blood  cells  to  study  adrenergic 
receptors  because  such  cells  may  not  reflect  the 
properties  or  response  of  other  tissues  such  as 
bronchial  smooth  muscle. 

It  is  also  generally  accepted  that  exposure  of  beta- 
receptors  to  beta-agonists  or  catecholamines  causes 
a  down-regulation  of  response — in  effect,  a  desensi- 
tization.'^-  This  response  can  be  reversed  with  some 
hormones  such  as  glucocorticoids,  which  seem  to 
increase  beta-receptor  expression  or  density  on  cell 


surfaces.'^^'^'*  It  is  possible  that  catecholamine  se- 
cretion during  the  stress  of  delivery  can  down-regulate 
beta-receptors  and  temporarily  decrease  the  response 
of  neonatal  airways  to  beta-agonists."' 

Studies  of  Beta-Adrenergic  Bronchodilators  in 
Infants  and  Children 

The  use  of  aerosolized  beta-adrenergic  broncho- 
dilators in  infants  has  been  questioned  on  the  basis 
of  early  negative  studies. '5-''"'^°  Most  often  quoted 
is  the  study  by  Lenney  and  Milner'^**  showing  that 
response  to  bronchodilators  is  not  seen  until  after 
20  months  of  age.  It  has  been  thought  that  lack 
of  response  is  due  either  to  lack  of  beta-receptors 
in  the  airway  or  to  insufficient  development  of 
bronchial  smooth  muscle  in  neonates  and  young 
infants.  The  1972  study  by  Matsuba  and  Thurl- 
beck'6'  is  often  referenced  to  support  underde- 
veloped smooth  muscle,  although  that  study  simply 
demonstrated  a  lower  ratio  of  smooth  muscle  to 
bronchial  wall  in  pediatric  small  airways.  Increasing 
indirect  evidence  for  the  presence  of  bronchial 
smooth  muscle  comes  from  studies  showing  a 
positive  response  to  aerosolized  bronchodilators  in 
neonates  and  infants.  Table  13  lists  studies  with 
both  positive  and  negative  results  for  aerosolized 
beta-adrenergic  bronchodilators.  This  listing 
includes  neither  studies  on  children  nor  studies 
combining  a  beta-adrenergic  and  an  anticholinergic 
drug.  Those  studies  are  summarized  separately. 

Table  1 3.  Summary  of  Studies  on  Aerosolized  Beta-Adrenergic 
Agents  in  Infants 


Positive  Response 


No  Response 


KaoetaI,i«  1984 
Sosulski  et  al.iM  1986 
Gomez-Del  Rio.-i^  1986 
Motoyama  et  al.-*'  1987 
Mallol  et  al.'*'^  1987 
Cabal  etal,i«  1987 
PrendivilleetaI,"5I987 
Rotschild  et  al,'^"  1989 
Brudno  et  al."^'  1989 
Mallory  et  al.-""  1989 
Schuhetal,'"  1990 


Phelan&  Williams.'"  1969 
Radford.'"  1975 
Rutter  et  al.'^f'  1975 
Lenney  &  Milner.'ss  1978 
Lenney  &  Miiner,''"  1978 
Stokes  etal. I*"  1983 
Slyetal.'w  1991 
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It  is  interesting  that  the  7  negative  studies  were 
pert'omied  in  England  (with  the  exception  of  1  in 
Australia) — and  4  were  perfonned  at  the  same 
center,  with  at  least  1  of  the  same  investigators 
involved  in  4  of  the  studies.  A  definite  chronologic 
difference  exists  between  negative  and  positive 
studies.  With  one  exception,'^-  studies  since  1984 
have  been  positive,  and  the  number  has  increased 
steadily.  The  three  factors  causing  variability  in 
response  to  bronchodilator  could  have  caused  the 
previous  negative  results:  lack  of  a  sufficiently 
sensitive  technology  of  measurement,  inadequate 
delivery /dose  of  the  agent,  or  the  presence  of  airway 
obstruction  due  to  causes  other  than  bronchospasm. 
None  of  the  infants  in  the  negative  studies  was 
intubated.  Most  used  a  face  mask  both  for  delivery 
of  the  nebulized  drug  and  for  measurement  by  the 
forced  oscillation  method.  In  one  study  utilizing 
whole  body  plethysmography,  investigators 
attached  the  nebulizer  to  a  nasal  adaptor  fitted  into 
the  infant's  nose.'''^  With  the  highly  efficient 
filtration  of  particles  in  the  nose,  it  is  possible  that 
an  insufficient  amount  of  drug  was  delivered  to  the 
lower  airways. 

The  increasing  number  of  positive  studies  with 
beta-adrenergic  bronchodilators  is  itself  evidence  for 
adequate  bronchial-smooth-muscle  and  beta- 
receptor  development  in  infants.^^™'-'^o.i63-i69  j^  fact, 
the  more  recent  studies  (since  1984)  have  used 
younger  infants  (mean  age  3.20  mo,  range  3  d  to 
24  mo)  compared  to  the  earlier  studies  (mean  age 
6.3  mo,  range  1-43  mo).  Sample  size  on  the  average 
remains  similar  (recent  22.3  versus  earlier  19.4), 
but  several  of  the  newer  studies  have  been  quite 
large  with  30, 40,  and  in  one  case  79  subjects.'*'' ■*8'^<' 
These  numbers  represent  a  crude  meta-analysis 
performed  over  all  of  the  studies  in  Table  13.  The 
explanation  of  less  smooth-muscle  and  beta-receptor 
development  used  in  the  older  negative  studies  is 
increasingly  and  strongly  contradicted  by  the  more 
recent  studies  in  younger  infants. 

Two  studies,  in  particular,  support  the  use  of  beta- 
adrenergic  bronchodilators  in  neonates  and  infants 
and  contradict  the  conclusionsof  older  studies.'™'" 
The  first  is  an  investigation  by  Tepper""  in  which 
he  studied  10  normal  infants  below  15  months  of 
age  without  signs  of  wheezing.  The  youngest  was 
3.5  months,  and  the  mean  age  was  8.1  months.  The 
rationale    for   utilizing   normal    subjects    was   to 


demonstrate  the  reactivity  of  bronchial  smooth 
muscle  by  eliminating  the  confusing  variables  of 
edema  and  mucoid  or  cellular  obstruction  of  the 
airway  thought  to  be  present  in  infants  with  viral 
bronchiolitis  or  BPD.  Tepper's  study  showed  that 
the  infants  developed  bronchoconstriction  following 
methacholine  challenge  that  could  be  reversed  with 
inhaled  metaproterenol  0.025  mL/kg  delivered  by 
Inspiron  nebulizer  at  10  L/min.  The  author  did  not 
state  whether  a  face  mask  was  used  or  whether 
infants  were  intubated.  Maximal  expiratory  flow  at 
FRC  (VmaxpRc)  was  measured  to  assess  lung  function 
using  the  partial  expiratory  flow-volume  method. 
The  reversibility  of  the  methacholine-induced  fall 
in  Vn,a^FRc  by  the  beta-adrenergic  drug  demonstrates 
the  presence  of  reactive,  functional  smooth  muscle 
in  infants.  It  also  demonstrates  that  an  aerosol 
reaches  the  lung  in  sufficient  amounts  to  produce 
an  effect. 

A  second  study  by  Kraemer  and  colleagues''" 
showed  that  systemically  administered  albuterol 
0.225  mg/kg  reduced  lung  hyperinflation  and  airway 
resistance  in  74%  of  60  infants  with  respiratory 
distress  syndrome,  wheezy  bronchitis,  or  cystic 
fibrosis.  The  systemic  route  of  administration 
eliminates  the  variability  due  to  differences  in 
aerosol  delivery  systems.  However,  the  presence  of 
differing  pathophysiologies  remains  a  confounding 
factor — one  that  was  not  present  in  Tepper's 
study. '^"  Because  not  all  subjects  responded,  the 
results  support  the  conclusion  that  airway  obstruc- 
tion is  not  solely  due  to  bronchospasm  and, 
therefore,  not  always  responsive  to  bronchodilator. 
Beta-adrenergic  agonists  have  been  investigated  in 
children  including  adolescents.-'-''-''''''-'^''  There  is 
less  controversy  with  this  age  group,  and  optimal 
doses  for  one  particular  beta-agonist  (metaprote- 
renol) has  been  established  for  3-to-6-year  olds.'''' 
This  dose  was  determined  to  be  0.01  mL/kg,  up 
to  a  maximum  of  0.3  mL  of  a  5%  solution. 

An  interesting  feature  seen  in  both  infants  and 
children  is  the  variability  of  response  to  beta- 
agonists,  previously  mentioned.  Schuh  and  co- 
workers"- examined  and  compared  two  doses  of 
albuterol  in  acute  childhood  asthma.  Their  findings 
may  be  relevant  to  the  use  of  these  drugs  in  young 
subjects.  The  lower  dose  investigated  was  the 
standard  do.se  of  0.15  mg/kg  body  weight  (0.03  niL/ 
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kg,  0.5%  solution).  At  this  dose,  greater  individual 
variability  in  response  (including  no  response)  was 
seen  than  at  a  higher  dose  of  0.30  mg/kg  body  weight 
(0.06  niL/kg).  This  finding  raises  the  possibility  that 
in  addition  to  the  factors  of  the  aerosol  delivery 
system  and  pathophysiology,  doses  of  beta-agonists 
may  be  inadequate.  The  variable  degree  of  response, 
including  absent  or  negative  responses,  has  been 
seen  in  those  positive  studies  that  report  individual 
results.-*''  ■^''•'■''^'■"''^  Similar  results  had  been  reported 
in  a  previous  study  by  Schuh  and  associates,'"' 
comparing  0.05  mg/kg  to  0.15  mg/kg  nebulized 
albuterol  in  children  5  to  17  years  of  age  with  acute 
asthma.  Again,  the  higher  dose  was  more  effective. 
Paradoxical  responses  to  bronchodilators  have  been 
reported  in  the  literature  in  adults,  children,  and 
infants. '^■'•'^^  The  Food  and  Drug  Administration 
(FDA)  received  1 26  reports  of  paradoxical  responses 
associated  with  MDI  use  between  1974  and  1988, 
and  58  reports  associated  with  nebulized  solutions 
between  1983  and  1988.'''-'  This  represents  a  small 
fraction  considering  the  numbers  of  patients  using 
both  types  of  device.  These  responses  usually  consist 
of  bronchoconstriction  or  respiratory  irritation  but 
have  also  included  headache,  tremor,  psychosis,  and 
cardiovascular  reactions.  Speculated  causes  of 
bronchospasm  associated  with  MDI  use  include 
turbulent  airflow  with  incorrect  inhalation  and 
reaction  to  the  propellant  or  to  additives  and 
preservatives  (eg,  alcohol  and/or  oleic  acid).'''^ 
Nebulized  solutions  may  cause  bronchospasm  by 
means  of  their  tonicity,  acidity,  or  additives  such 
as  benzalkonium  chloride. '^-''"'^^■'™ 

Anticholinergic  Bronchodilators 

A  study  in  1983  reported  no  response  to  nebulized 
ipratropium,  250  |xg  every  hour,  in  acute  bronchi- 
olitis, with  66  infants  (mean  age  130  d).'**"  It  is 
surprising  that  the  same  three  investigators  in  that 
study  had  reported  two  previous  studies  showing 
improvement  with  nebulized  ipratropium  (250  |jLg) 
in  viral  bronchiolitis.'^"'^'  The  difference  in  results 
may  well  be  due  to  the  outcome  variables  measured. 
The  negative  study  assessed  only  clinical  signs 
(cough,  nasal  flaring,  cyanosis)  rather  than  measures 
of  pulmonary  function  as  in  the  two  positive 
studies. """i^' 


Several  other  studies''2''*'2-i8<'  have  documented  a 
positive  response  to  anticholinergic  bronchodilators 
in  infants  and  children.  Two  aspects  of  these  positive 
studies  should  be  noted.  First,  although  these  studies 
were  able  to  show  group  improvement  in  infants 
and  children  younger  than  3  years,  individual 
subjects  did  not  always  show  improvement.  This 
was  also  seen  with  the  beta-agonists.  In  Hodges' 
study,'**-  approximately  40%  of  the  pediatric 
subjects  under  1 8  months  of  age  showed  a  positive 
response  in  lung  function.  The  variable  response 
may  be  dose-related  (representing  inadequate 
aero.sol  dose  delivery  to  these  young  patients)  or 
may  indicate  a  nonresponsive  obstructive  pathology. 
Second,  it  is  unclear  whether  combining  an 
anticholinergic  with  a  beta-agonist  produces  an 
additive  effect.  Several  studies  have  shown  greater 
improvement  in  lung  function  with  combined 
therapy.'*"'^'*"'''-  However,  at  least  two  investiga- 
tions concluded  that  no  increase  in  effect  occurs 
with  combinations.'**^'''^  The  patients  in  one  of  these 
two  studies  were  infants  with  BPD  rather  than 
asthma  as  in  the  other  studies.'**^  Some  variability 
in  response  was  seen  in  the  positive  study  by  Lew 
and  associates''"'  in  which  combination  therapy  was 
superior  in  only  11  of  the  17  children  (65%)  studied. 
Similarly,  a  positive  study  by  Storr  and  Lenney'^^ 
showed  a  greater  response  to  combined  treatment 
during  mild  asthma  but  not  during  severe  acute 
asthma. 

In  summary,  it  appears  that  anticholinergic 
bronchodilators  such  as  ipratropium  are  beneficial  in 
airway  obstruction  with  a  bronchospastic  component, 
but  other  variables  such  as  dose,  delivery  efficiency, 
disease  state,  and,  perhaps,  individual  variation  can 
influence  their  effectiveness. 

Other  Aerosol  Drug  Classes 

Cromolyn  sodium,  corticosteroids,  and  ribavirin  are 
frequently  delivered  via  aerosol  to  infants  and 
children.  The  clinical  efficacy  of  each  is  summarized 
from  the  literature. 

Cromolyn  Sodium 

Cromolyn  sodium  (Intal),  also  termed  sodium 
cromoglycate  or  disodium  cromoglycate.  is 
considered  to  be  a  prophylactic  antiasthmatic  drug 
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and  is  often  described  as  a  mast-ceil  stabilizer.  At 
least  one  study  purports  to  show  that  the  site  of 
action  of  the  drug  is  predominantly  small  airways 
reached  with  particles  with  a  2.0  jjim  MMAD.'''-' 
The  drug  is  currently  available  in  three  formulations 
in  the  United  States:  Spinhaler  (powder),  solution 
for  nebulization.  and  metered  dose  inhaler.'^^  These 
fonnulations  contain  dose  differences.  Both  the 
powder  and  solution  provide  20-mg  doses,  whereas 
the  MDI  is  0.8  mg/puff  (usual  dose  =  1.6  mg,  or 
2  puffs). 

At  least  one  study '''^  reported  no  difference 
between  cromolyn  sodium  and  placebo  in  improve- 
ment in  wheezing,  cough,  sleep  disturbance,  and 
use  of  other  drugs  in  children  aged  I  to  4  years 
with  wheezy  bronchitis.  However,  a  number  of  other 
studies  have  reported  positive  results,  consisting  of 
reduction  of  symptoms,  protective  effect  equal  to 
theophylline,  improved  pulmonary  function,  and 
parental  preference  for  cromolyn  therapy.'^^-^o' 
These  studies  included  infants,  preschool  children, 
school-age  children,  and  adolescents.  Not  all 
subjects  are  protected  by  prophylaxis  with  the  drug. 
In  a  study  by  Corkey  and  associates,-"-  cromolyn 
was  considered  to  be  clinically  effective  against 
exercise-induced  bronchospasm  in  59%  of  the 
studies  on  18  asthmatic  children  and  adolescents. 

Two  types  of  variability  have  also  been  noted 
with  use  of  this  drug  in  infants  and  children.  First, 
the  protective  effect  is  not  seen  in  children  below 
1  yearof  age.' ''**-'^* This  may  well  be  due  to  technical 
delivery  problems  causing  ineffective  dosages  when 
age  is  considered.  The  study  by  Salmon  and 
associates,""  previously  cited  in  the  section  on 
aerosol  delivery  systems,  specifically  investigated 
administration  of  cromolyn  solution  by  mask  in 
toddlers  and  showed  that  extremely  small  amounts 
reached  the  lung.  Despite  these  results,  O'Callaghan 
and  associates^"'  showed  a  protective  effect  with 
nebulized  cromolyn  delivered  by  mask  in  13  infants 
(mean  age  9.8  mo,  range  3-19  mo)  when  challenged 
with  nebulized  water. 

The  second  variability  in  clinical  effect  is  seen 
with  different  formulations  of  the  drug.  The  MDI 
fomi,  with  its  lower  dose  (approximately  2  mg  vs 
20  mg  for  nebulizer  solution  and  powder)  has  been 
shown  to  be  less  effective  than  either  the  powder 
or  nebulizer  solution.-"^  -"^  This  may  be  similar  to 
the  apparent  lack  of  effect  with  beta-agonists  given 


by  MDI  compared  to  nebulizer  solution,  di.scussed 
in  Section  3  (Aerosol  Delivery  Systems).  As  with 
the  beta-agonists,  the  ratio  of  MDI  medication  to 
nebulizer  medication  is  approximately  1  to  10,  and 
this  may  give  ineffective  amounts  by  MDI.  No 
difference  has  been  shown  between  the  powder 
formulation  with  and  without  the  lactose  carrier 
agent. 
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Inhaled  Corticosteroids 

None  of  the  four  currently  approved  aerosol 
glucocorticoids  in  the  United  States  gives  dosage 
guidelines  for  children  under  6  years  of  age  (Section 
2).  However,  these  agents  have  been  investigated 
for  pediatric  application  and  are  used  in  preschool 
children.  There  is  general  agreement  that  inhaled 
corticosteroids  can  be  effective  and  safe  in  children, 
in  reducing  or  replacing  oral  steroids  and  controlling 
asthma.-f"'--"  Use  of  a  spacer  device  has  allowed 
children  as  young  as  12  months  to  benefit  from 
MDI  delivery  of  these  drugs. -"^•-"  An  extension 
device  is  recommended  whenever  corticosteroids 
are  delivered  by  MDI  to  reduce  oropharyngeal 
deposition  and  the  consequent  likelihood  of  oral 
candidiasis.'"  Recently,  nebulized  beclomethasone 
dipropionate  was  reported  to  produce  improvement 
in  lung  function  in  infants  aged  15-36  weeks  with 
persistent  wheezing.-'-  A  dose  of  100  p.g  three  times 
daily  was  administered  for  2  weeks  by  jet  nebulizer 
(no  brand  specified). 

Use  of  intramuscular  dexamethasone  in 
conjunction  with  combined  oral  and  inhaled 
salbutamol  gave  twice  the  rate  of  improvement  in 
wheezing  infants  aged  1  to  12  months.^'"*  Although 
the  dexamethasone  was  not  inhaled,  this  beneficial 
effect  demonstrates  both  the  potentiating  effect  of 
corticosteroids  on  beta-adrenergic  response  and  a 
possible  anti-inflammatory  effect  of  reducing  airway 
obstruction  due  to  causes  other  than  bronchospasm 
(eg,  edema,  cellular  debris,  and  respiratory  secretion 
production). 

Ribavirin 

Respiratory  syncytial  virus  (RSV)  has  been  shown 
to  be  the  principal  pathogen  in  the  majority  of  cases 
of  acute  intantile  viral  bronchiolitis.'-'''  The 
aerosolized  antiviral  ribavirin  (Virazole)  is  specif- 
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ically  indicated  for  treatment  of  this  infection  and 
is  the  only  aerosolized  drug  with  dosage  guidehnes 
developed  for  infants.  The  drug  has  been  shown 
to  reduce  viral  shedding  and  clinical  signs  of 
severity.-''^ -'^  Administration  of  ribavirin  is 
indicated  in  the  treatment  of  severe  RSV  infections 
in  infants  with  underlying  cardiopulmonary  disease 
or  otherwise  at  risk.-'^  Questions  have  arisen 
concerning  the  cost-benefit  ratio  of  ribavirin  in 
relation  to  outcome  measures  such  as  duration  of 
hospitalization.  A  recent  study-'**  reported  in  abstract 
form  has  shown  that  ribavirin  administered  to 
mechanically  ventilated  infants  with  RSV  signif- 
icantly reduced  the  duration  of  ventilation,  admini- 
stration of  supplemental  oxygen,  and  hospital  stay. 
A  great  deal  of  concern  has  been  expressed  over 
side  effects  to  health-care  personnel  and  patients. 
Until  further  data  are  available,  pregnant  or 
potentially  pregnant  caregivers  should  avoid 
exposure  to  the  aerosol  in  light  of  its  possible 
teratogenic  and  mutagenic  effects.  A  recent  editorial 
in  this  journal  called  for  stringent  environmental 
isolation  for  areas  of  delivery,  including  barrier 
protection  (mask,  gloves,  gown,  eyewear)  for 
personnel.-'^  A  containment  system  for  adminis- 
tering ribavirin  to  infants  has  also  been  reported. --o 
Following  the  principle  that  drugs  are  the  lesser 
evil  compared  to  illness,  no  needless  exposure  to 
a  drug  should  occur.  Development  of  readily 
available  and  economical  containment  systems  for 
the  delivery  of  this  and  other  aerosol  drugs  should 
continue.  Administration  of  ribavirin  with  intubated 
and  ventilator-supported  infants  creates  additional 
potential  problems  addressed  by  Demers  and  co- 
workers.--' In  general,  antiviral  drug  therapy  is 
difficult  and  complex.  I  believe  that  additional 
development  and  investigation  in  this  area  of  therapy 
is  certain  to  be  forthcoming. 

Summary  and  Conclusions 

The  clinical  efficacy  of  aerosolized  drugs  of 
various  classes  in  neonatal  and  pediatric  patients 
can  be  summarized: 

•  Beta-agonists  have  been  shown  to  be  effective 
in  neonates  and  infants. 

•  Individual  variation  in  response  to  bronchodilators 
exists  and  may  be  caused  by  delivery  variables, 
nature  of  the  airway  obstruction  in  wheezing  infants, 
or  the  technique  of  measurement. 


•  Beta-adrenergic  and  anticholinergic  bronchodi- 
lators are  most  likely  additive  in  their  effect, 
especially  in  asthmatic  children. 

•  Dose-response  studies  should  establish  effective 
doses  and  equipotent  doses  for  MDI,  MDI  with 
spacer,  and  nebulizer  delivery  of  drugs. 

•  More  sensitive  criteria  to  differentiate  broncho- 
constriction  from  other  components  of  obstruc- 
tion in  wheezing  bronchiolitis  may  help  predict 
bronchodilator  responders. 

CONCLUSIONS 

It  is  difficult  to  form  a  single  conclusion  given 
the  diversity  and  variability  in  the  literature  on 
aerosolized  drug  delivery  in  this  population. 
Detailed  summaries  and  recommendations  have 
been  given  at  the  end  of  Sections  3  and  4.  Several 
of  these  form  a  common  theme  in  both  sections. 

•  the  need  for  detailed  specification  of  the  aerosol 
delivery  system  in  any  study  of  aerosol  drug 
therapy 

•  the  need  for  dose-response  studies,  including  the 
identification  of  equipotent  dosages  when 
differing  delivery  vehicles  are  used  (MDI  versus 
nebulizer) 

•  the  need  for  improved  efficiency  in  nebulizer 
delivery  to  infants  and  children,  with  smaller 
particle  sizes  at  lower  flows 

Aerosolized  drug  delivery  in  neonatal  and 
pediatric  patients  is  complicated  by  the  number  of 
variables  in  that  delivery,  by  the  outcome  variable 
measured,  and  by  variability  in  the  pathology 
treated.  Despite  this,  an  accumulating  body  of 
evidence  suggests  that  inhaled  drugs  are  effective 
in  this  population.  There  is  unquestionably  a  need 
for  a  revolution  in  infant  aerosol  delivery  tech- 
nology, to  design  improved  systems  for  this 
population. 
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Rau  Discussion 


Rodriguez:  In  the  package  insert,  the 
use  of  ribavirin  with  mechanical 
ventilation  is  contraindicated;  yet,  it's 
advocated  by  some  company  repre- 
sentatives. This  obvious  inconsis- 
tency causes  some  dilemmas.  Joe,  can 
you  shed  any  light  on  this  situation 
from  your  findings? 
Rau:  The  question  of  ribavirin,  as  you 
know,  is  completely  up  in  the  air,  and 
I  didn't  really  get  into  that  other  than 
to  mention  the  drug.  I  would  be  more 
interested  in  your  discussion  rather 
than  my  comments  to  be  quite  honest 
with  you.  The  bottom  line  (as  nearly 
as  1  can  tell  from  reading  the  liter- 
ature) is  that  there  are  simply  insuf- 
ficient data.  A  lot  of  the  concerns  with 
ribavirin  (both  for  ventilated  and 
nonventilated  patients)  center  on  side 
effects — it's  not  just  the  ventilator. 


But  the  data  are  simply  insufficient. 
There  were  only  studies  on  rodents 
and  not  primates. 

Secondly,  the  best  approach  right 
now  is  to  be  very  cautious,  which  is 
what  Kacmarek  said  in  his  recent 
editorial.'  Specifically,  1  think  it's  sort 
of  foolish  to  restrict  the  use  of 
ribavirin  and  not  use  it  with  mechan- 
ical ventilation.  Environmental  con- 
tamination is  easier  to  control  during 
mechanical  ventilation,  as  you  know; 
but  ribavirin  administration  does 
complicate  mechanical  ventilation 
and  requires  some  time-consuining 
filter  changes.  As  I  understand  it,  the 
manufacturer  is  basically  covering 
itself  legally  with  that  caution.  The 
1986  article  by  Demers  et  al-  is  the 
best  I've  seen  discussing  the  admin- 
istration of  ribavirin.  But  it's  a  little 
bit  foolish  not  to  use  it  with  mechan- 
ical ventilation  because  tho.se  may  be 
the  sickest  children  you  encounter — 


the  ones  that  need  it  the  most.'  There 
are  questions,  though,  about  the 
efficacy  of  the  drug  in  terms  of  days 
of  hospitalization  and  outcome. 
There's  no  question  that  it  does 
decrease  viral  shedding.  But.  is  it  cost- 
effective?  That  is  beginning  to  be  the 
question. 


Kacmarek  RM.  Ribavirin  and  pen- 
tamidine aerosols:  Caregiver  beware! 
(editorial).  Respir  Care  1990:35: 
1034-1035. 

Demers  RR,  Parker  J,  Frankel  LR, 
Smith  DW.  Administration  of  riba- 
virin to  neonatal  and  pediatric 
patients  during  mechanical  ventila- 
tion. Respir  Care  1986:31:1188- 
1195. 

Smith  DW,  Frankel  LR,  Mathers  LH, 
Tang  ATS,  Ariagno  RL,  Prober  CG. 
Aerosolised  ribavirin  in  infants 
requiring  mechanical  ventilation  for 
severe  lower  respiratory  tract  infec- 
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tion  caused  by  respiratory  syncytial 
virus.  Clin  Res  1991:39(n:59A. 


O'Rourke:  Just  a  comment  on 
ribavirin — an  article  by  Outwater  et 
al'  from  Boston  describes  how  often 
and  exactly  how  to  change  the 
expiratory  limb  of  the  ventilator  to 
be  able  to  use  ribavirin  safely  during 
mechanical  ventilation.  As  you 
pointed  out,  the  environmental  expo- 
sure can  be  minimized  during 
mechanical  ventilation. 


1.  Outwater  KM.  Meissner  HC, 
Peterson  MG.  Ribavirin  administra- 
tion to  infants  receiving  mechanical 
ventilation.  AJDC  1988;  142:512- 
515. 


Koff:  I  would  just  like  to  ask  about 
the  experience  of  this  group  in  using 
pulmonary  function  studies  to  indi- 
vidualize bronchodilator  therapy.  We 
at  this  point  don't  own  a  PFT  system 
in  our  hospital,  but  we  have  been 
testing  them  for  a  number  of  years 
and  really  have  found  pulmonary 
function  measurement  very  helpful  in 
finding  the  correct  dose  and  the  best 
bronchodilator  for  a  particular  patient. 
I  really  believe  that's  a  technique  that 
we  are  going  to  see  used  more  and 
more — one  that  will  become  our 
guiding  light.  Such  measurements 
provide  information  to  us,  and  will 
get  us  out  of  this  dark  area. 
Rau:  Any  responses  to  that? 
Orenstein:  In  the  field  of  cystic 
fibrosis,  a  number  of  studies  have 
looked  at  acute  responses  to  bron- 
chodilator agents  delivered  by  inha- 
lation. All  kinds  of  responses  have 
been  found — some  patients  with 
positive  response,  some  patients  with 
negative  response,  and  lots  of  patients 
with  no  response.  But,  very  interest- 
ingly, Ed  Pattishall'  recently  re- 
viewed the  literature  in  Pediatric 
Pulmonology  and  also  looked  at  our 


own  patients  over  a  number  of  years 
in  Pillshurgh.  and  showed  somewhat 
disturbingly  that  a  patient's  response 
in  January  1987  did  not  predict 
reliably  that  same  patient's  response 
in  March,  April,  or  May  of  1987  or 
in  1988  or  1989.  It  may  be  that 
asthmatics  are  different  or  other 
patient  populations  may  be  different, 
but  at  least  among  patients  with  CF 
it  looks  like  it  is  going  to  be  very 
tough  and  probably  not  worthwhile 
to  try  to  establish  a  perfect  dose  for 
a  given  drug  because  a  few  months 
later  or  even  a  few  days  later  the 
response  may  be  very  different. 

A  further  point  about  what  happens 
over  a  longer  time  than  the  few 
minutes  that  you  have  in  the  lab  or 
by  the  bedside — there  may  be  some 
positive  or  negative  responses  to  these 
inhalational  agents  that  we  use  that 
don't  show  up  immediately  after 
treatment.  You  may  see  that  things 
that  have  been  reported  to  occur  with 
inhalation  of  beta  agonists — for 
example,  having  to  do  with  the  effects 
on  ventilatory  muscle  endurance^  and 
effects  on  mucociliary  transport 
rates,^  things  that  you  wouldn't  be 
picking  up  with  a  quick  FEV,  or  even 
full  spirometry  immediately  after  the 
inhalation — make  it  tougher  to  eval- 
uate all  these  agents, 

1.  Pattishall  EN.  Longitudinal  response 
of  pulmonary  function  to  broncho- 
dilators  in  cystic  fibrosis.  Pediatr 
Pulmonol  1990:9:80-85. 

2.  Aubier  M,  Viires  N,  Murciano  D,  et 
al.  Effects  and  mechanism  of  action 
of  terbutaline  on  diaphragmatic 
contractility  and  fatigue.  J  AppI 
Physiol  1984:56:922-929. 

3.  Verdugo  P.  Johnson  NT.  Tarn  PY. 
Beta-adrenergic  stimulation  of  respi- 
ratory ciliary  activity.  J  Appl  Physiol 
1980:48:868-871. 

,Iobe:  The  issue  of  efficiency  of 
delivery  is  a  major  problem  that  has 
not  been  specifically  addressed  for 


pediatric  and  especially  for  neonatal 
patients.  New  equipment  will  need  to 
be  designed  if  higher  efficiencies  are 
to  be  achieved  in  small  patients.  To 
illustrate  the  problem,  the  average 
nebulizer  requires  at  least  10  L/min 
of  gas  to  operate.  A  1  -kg  baby  being 
ventilated  at  .30  breaths/min  and  at 
tidal  volumes  of  10  mL/kg  will  have 
a  minute  volume  of  300  mL  or  about 
39'f  of  the  aerosol  flowrate.  Assuming 
that  less  than  20%  of  the  inspired 
aerosol  will  settle  in  the  distal  lungs, 
less  than  1%  deposition  will  occur. 
We  have  been  working  with  a  proto- 
type nebulizer  that  will  deliver 
submicronic  particles  at  a  flowrate  of 
2  L/min.'  New  equipment  and  new 
strategies  will  be  required  before 
aerosol  treatments  of  infants  become 
efficient  or  predictable. 

1.     Lewis  J,  Ikegami  M,  Higuch  R,  Jobe 

A.  Nebulized  versus  instilled  exo- 
genous surfactant  in  an  adult  lung 
injury  model  (abstract).  Clin  Res 
1991:39:42A. 

Rau:  I  would  certainly  second  that. 
I  think  what  all  the  data  are  showing 
is  that  the  size  of  the  endotracheal 
tube  and  the  size  of  the  airway  require 
much  smaller  particle  sizes  to  deliver 
adequate  doses,'-  and  we  don't  have 
the  equipment  for  that. 

1.  Cameron  D,  Clay  M,  Silverman  M. 
Evaluation  of  nebulizers  for  use  in 
neonatal  ventilator  circuits.  Crit  Care 
Med  1990:18:866-870. 

2.  Flavin  M.  MacDonald  M.  Dolovich 
M,  Coates  G,  O'Brodovich  H. 
Aerosol  delivery  to  the  rabbit  lung 
with  an  infant  ventilator.  Pediatr 
Pulmonol  1986:2:35-39. 

Jobe:  And  much  smaller  flowrates  if 
you  want  any  efficiency  at  all. 
Rau:  Right.  Exactly. 
Carlo:    One    way    to   evaluate    the 
efficacy  of  bronchodilators  is  to  do 
pulmonary  function  testing,  which  is 
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what  has  been  done  in  most  of  the 
studies  you  cited.  Now  that  we  have 
techniques  that  are  pretty  much 
clinically  accepted,  it's  something 
that  we  should  make  more  of  a 
routine.  Patients  on  bronchodilators 
should  occasionally  during  the  course 
of  the  therapy  be  evaluated  to  deter- 
mine the  effect  of  these  agents  on 
pulmonary  resistance.  Obviously, 
there  is  still  a  lot  of  variability  in  the 
results. 

Rau:  In  your  opinion,  what  is  the 
sensitivity  of  the  current  pressure- 
flow  systems,  the  pneumotachograph 
at  the  airway  with  the  microcomputer- 
based  monitoring  system?  What  is 
their  sensitivity  to  detecting  or 
differentiating  small  airway  change 
from  say  larger  airway?  Are  they  good 
at  that?  Dr  Carlo?  Or  anyone  for  that 
matter? 

Carlo:  Maybe  Ron  Goldberg  could 
comment  on  this  because  in  Miami 
they  have  also  done  studies  com- 
paring different  techniques.  But,  for 
a  long  time,  we  have  done  pressure 
and  airflow  measurements  with  our 
own  program  or  hand  analysis.  1  think 
the  computer  programs  currently 
available  are  pretty  good — if  you 
collect  the  data  correctly,  if  you  are 
very  careful  with  prevention  of  leaks 
around  the  mask,  and  if  you're  careful 
about  the  measurement  of  esophageal 
pressure.  I  believe  Drs  Gerhardt  and 
Bancalari  in  Miami  have  tested  some 
of  the  commercially  available  soft- 
ware and  hardware  and  found  results 
that  are  comparable  to  those  of 
standard  techniques  to  measure 
pulmonary  function.'  They  have  also 
performed  comparisons  between 
static  compliance  and  dynamic  com- 
pliance with  the  different  techniques. 

1.  Gerhard!  T,  Reifenberg  I..  Duara  S, 
Bancalari  E.  Comparison  ot  dynamic 
and  static  measurements  of  respira- 
tor>'  mechanics  in  infants.  J  Pcdiatr 
1989;114:120-125. 


Goldberg:  I  personally  don't  have 
experience  testing  those  measure- 
ments. One  concern  that  I  have  is  that 
most  of  the  studies  that  you  cited 
showed  some  positive  effect.  Even 
our  own  showed  a  fairly  dramatic 
drop  in  resistance.  However,  the  drop 
in  resistance  lasts  approximately  '/: 
to  1  hour,  which  really  makes  the 
current  drugs  ineffective  over  the 
long-term.  In  an  interesting  study  by 
Brundage  and  co-workers,'  ipratro- 
pium bromide  and  salbutamol  were 
used  together  and  appeared  to  be 
effective  over  a  2-  to  4-hour  period. 

1.  Brundage  KL,  Mohsini  KG,  Froese 
AB,  Fisher  JT.  Bronchodilator 
response  to  ipratropium  bromide  in 
infants  with  bronchopulmonary  dys- 
plasia. Am  Rev  Respir  Dis 
1990:142:1137-1142. 

Rau:  I  would  like  to  add  to  that  very 
briefly.  That  type  of  result  fits  exactly 
with  the  usual  dose-response  studies 
that  you  see  in  pharmacology  where 
the  duration  of  response  is  to  some 
extent  a  function  of  dose.  If  you 
underdose,  you  get  a  shorter  response 
as  well  as  a  lower  peak  response.  That 
could  very  well  be  consistent  with  the 
fact  that  we  are  seriously  underdosing 
these  infants — that  underdosing  is  the 
problem,  not  that  the  infants  are  not 
responsive  to  the  drug. 
Green:  With  pneumotach  and  eso- 
phageal pressure  measurements,  we 
can  determine  pulmonary  resistance. 
Getting  back  to  your  question  about 
large  and  small  airways — I'm  not  sure 
how  that  system  would  measure  or 
differentiate  between  resistance  in 
large  and  small  airways.  You  could 
get  into  questions  about  changes  in 
dynamic  compliance,  but  these 
systems  usually  measure  dynamic 
compliance  at  the  respiratory  rate  of 
the  patient  rather  than  frequency 
dependence  of  dynamic  compliance, 
which  is  the  classic  indicator  of  small 
airways   disease    in    adult    pulmo- 


nology.  And  I  wonder  if  Dr  Goldberg, 
or  someone  else,  has  a  further 
comment  on  small  versus  large 
airways  with  infant  pulmonary  func- 
tion testing. 

Martin:  Two  drugs  have  had  a  major 
impact  on  neonatal  care — surfactant 
and  corticosteroids.  Clearly  both  of 
the.se  drugs  hold  a  lot  of  promise  if 
the  techniques  for  administering 
aerosolized  drugs  can  be  improved. 
Is  there  any  new  information  on  the 
use  ofaerosolized  steroids  for  patients 
with  BPD? 

Green:  We  have  used  them  in  some 
older  babies,  not  babies  in  the 
neonatal  intensive  care  unit  but  in 
outpatients  with  bronchopulmonary 
dysplasia  and  severe  reactive  airways 
disease.  We  have  used  nebulized 
dexamethasone  and  triamcinolone 
because  those  drugs  with  more 
favorable  pulmonary- to-systemic 
activity  aren't  available  in  this 
country.  My  understanding  is  that 
preferred  agents  such  as  budesonide 
are  available  for  nebulization  in 
Europe,  and  we  hope  they  will  be 
available  here  in  a  few  years. 
O'Rourke:  In  the  pediatric  intensive 
care  unit,  continuous  or  frequent 
nebulized  betaj-agonists  have  virtu- 
ally taken  the  place  of  I.V.  isopro- 
terenol infusions  for  status  asthma- 
ticus.  But  studies  are  needed:  At  a 
recent  pediatric  critical  care  sympo- 
sium, more  than  a  400%  difference 
in  beta^-agonist  doses  was  reported. 

In  addition,  while  we  are  concerned 
about  inadequate  dosage  of  beta^- 
agonists,  the  potential  cardiotoxicity 
must  be  addressed.  The  younger  child 
with  nonnal  coronaries  can  tolerate 
very  high  do.ses,  but  the  18-  to  19- 
year-old  patients  who  may  already 
have  early  coronary  artery  disease 
may  suffer  myocardial  i.schemia  at 
these  same  doses. 
Rau:  Good  point. 

Carlo:  Regarding  your  comment  on 
the    use   of  aero.solized   steroids   in 
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patients  with  BPD,  a  lot  of  that  work 
is  experimental  and  results  are 
preliminary. 

Rau:  One  study  has  shown  improve- 
ment in  patient  condition.' 


Maayan  C,  Itzhaki  T,  Bar-Yishay  E. 
Gross  S,  Tal  A.  Godfrey  S.  The 
functional  response  of  infants  with 
persistent  wheezing  to  nebulized 
beclomethasone  dipropionate.  Pediatr 
Pulmonol  1986;2:9-14. 


Pierson:  Joe,  it  is  clear  from  your 
excellent  presentation  and  also  from 
the  vigor  of  our  discussion  that  there's 
a  great  need  for  a  consensus  about 
the  clinical  use  of  aerosols  and  also 
for  standards  for  pursuing  research  in 
this  area.  Just  for  the  information  of 
the  group,  the  American  Respiratory 
Care  Foundation  and  RESPIRATORY 
Care  Journal  next  month  (December 
1990)  will  convene  a  consensus 
conference   on    the   clinical    use   of 


aerosols,  both  diagnostically  and 
therapeutically,  in  respiratory  care — 
assembling  a  group,  not  unlike  this, 
including  experts  from  both  Europe 
and  North  America,  and  covering  the 
whole  spectrum  of  research  and 
practice  in  aerosol  therapy  in  order 
to  try  to  come  as  close  to  consensus 
as  is  possible  at  this  particular  time. 
That  Conference  will  be  reported  in 
the  September  1991  issue  of  the 
Journal. 


RESPIRATORY  CARE  •  JUNE  '91  Vol  36  No  6 


545 


Chest  Physiotherapy  in  the  Pediatric  Age  Group 

Jens  B  Andersen  MD  and  Merete  Falk  PT 


Introduction 

In  recent  years,  the  efficacy  of  chest  physio- 
therapy has  been  questioned.'"*  Fortunately,  the 
respiratory  care  community  in  general  has  reacted 
in  a  professional  manner,  and  a  number  of  controlled 
clinical  trials  have  been  conducted  that  have  been 
very  illuminating.-^-'''*  A  number  of  classic  tech- 
niques have  been  abandoned  because  no  benefits 
have  been  demonstrated  or  the  techniques  have  been 
shown  to  be  hazardous.**  "  Other  respiratory  care 
strategies  have  been  implemented  based  on  solid 
basic  research.'-  '■'  In  this  paper  we  discuss  the 
various  regimens  and  their  clinical  documentation. 
If  such  documentation  is  not  available,  we  propose 
a  possible  pathophysiologic  platform,  or  rationale. 

The  key  word  is  perception.  There  are  no  facts; 
there  is  no  reality.  There  is  only  what  is  perceived 
to  exist.  The  crucial  question  to  ask  then  is:  What 
is  the  perception  of  the  lung  and  thorax  in  general 
and  the  lung  periphery  in  particular  as  it  applies 
to  different  chest  physiotherapy  strategies? 

Rationale 

If  we  are  to  address  the  perception  issue,  it  is 
important  to  link  structure  to  function  in  order  to 
distinguish  between  winning  and  losing  strategies. 

Figure  1  is  a  well-known  model  of  the  lung 
demonstrating  the  increase  in  total  surface  area  that 
occurs  moving  from  the  trachea  down  the  airways 
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to  the  alveolocapillary  membrane.  The  figure  clearly 
distinguishes  between  a  central  zone  representing 
the  first  5  to  7  generations  of  the  bronchial  tree 
and  a  peripheral  zone  representing  the  rest  of  the 
air-filled  portions  of  the  lung.  Expiratory  flowrate 
at  the  airway  opening  (mouth)  is  the  sum  of  a  large 
number  of  smaller  flowrates  in  the  lung  periphery. 
Thus,  even  a  high  expiratory  peak  flow  (such  as 
occurs  during  a  cough)  is  associated  with  low  flows 
in  terminal  airways. 

The  two  routes  of  intervention  are  the  airway 
opening  and  the  chest  wall.  But,  what  do  we  think 
happens  in  the  central  and  peripheral  lung  regions 
in  response  to  manipulations  from  outside?  Clearly, 
we  must  distinguish  between  techniques  that  have 
an  effect  centrally  and  techniques  that,  predomi- 
nantly, have  an  effect  peripherally.  Unfortunately, 
this  is  seldom  done  in  dealing  with  respiratory  care 
strategies. 

Classic  Chest  Physiotherapy 

Treatment  that  can  facilitate  clearance  of 
excessive  .secretions  and  can  optimize  airway 
function  is  considered  an  important  part  of 
prophylactic  respiratory  care  in  patients  with 
obstructive  pulmonary  diseases  and  in  patients  in 
the  postoperative  period.  The  principal  causes  of 
impaired  peripheral  ventilation  in  these  conditions 
are  obstruction  and  collapse  of  small  airways.  The 
aim  of  therapy  is  to  prevent  atelectasis  and/or 
trapping  of  secretions.' -'''"'  Treatment  strategies 
must  be  modified  accordingly. 

Percussion 

Percussion,  a  procedure  characterized  by 
rhythmic  clapping  with  cupped  hands  over  the 
atfccted  portion  of  the  lung  or  the  simulation  of 
such  movement  by  the  application  of  a  reciprocating 
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mechanical  device,  has  no  demonstrable  beneficial 
effects-^'^'^-"  and  may  induce  hypoxemia^-^-'*^  and 
worsen  large  airway  function.-^-''"  The  chest  wall 
and  lung  periphery  function  as  a  damping  system, 
and  do  not  allow  assaults  made  to  the  chest  wall 
to  reach  the  lung  parenchyma — at  least  not  in  a 
beneficial  way. 


Fig.  1.  The  'trumpet'  model  of  the  lung  demonstrating  a 
central  zone  (black)  and  a  peripheral  zone  (hatched). 


Postural  Drainage 

The  usefulness  of  postural  drainage  (positioning 
the  patient  to  promote  gravity-assisted  drainage  of 


the  lungs)  is  purely  speculative.  The  proposed 
mechanism  is  that  when  the  affected  portion  of  the 
lung  is  placed  uppermost  with  its  bronchi  dependent, 
then  secretions  will  follow  the  law  of  gravity  and 
'fair  centrally.  The  effectiveness  of  this  method 
for  enhancement  of  bronchial  clearance  is  not 
striking.-'-^-'--  Certainly  the  finding  that  postural 
drainage  improves  sputum  production  is  not 
universal.  Some  studies  suggest  that  it  does,^-22-24 
and  some  show  that  it  does  not.''''25.26  There  can 
be  no  doubt  that  gravity  affects  lung  function,  but 
to  take  this  further  and  claim  that  certain  drainage 
positions  are  helpful  for  secretion  removal  seems 
to  be  undocumented.  This  is  in  spite  of  the  fact 
that  with  the  subject  in  the  lateral  decubitus  position 
the  distribution  of  ventilation  can  be  affected  by 
shifting  from  costal  to  diaphragmatic  breathing  even 
at  resting  lung  volume  (FRC).-^ 


Forced  Expiration  Technique  and  Cough 

The  forced  expiration  technique  (FET),  controlled 
diaphragmatic  breathing  with  so-called  huffing  (a 
large  inspiration  followed  by  a  series  of  short 
expiratory  blasts  punctuated  by  pauses),  is  only 
helpful  in  central  airways  down  to  the  seventh 
generation,''-6-28  ^y^^^  \^^^  proven  to  be  a  useful  strategy 
to  clear  that  part  of  the  bronchial  tree.-''  Unfor- 
tunately, nobody  has  determined  whether  gradation 
of  expiratory  flow  (ie,  changing  expiratory  flow) 
improves  the  effects  of  the  FET. 


Autogenic  Drainage 

Autogenic  drainage  is  a  technique  that  begins  with 
low-lung-volume  breathing,  inspiratory  breath- 
holds,  and  controlled  exhalation  and  progresses  to 
increased  inspired  volumes  and  increased  expiratory 
tlowrates.  It  has  been  claimed  to  be  superior  to 
all  other  existing  techniques.^"  but  we  believe  that 
the  claim  has  not  been  adequately  documented.  To 
our  knowledge,  no  acceptable  controlled  clinical 
trials  have  demonstrated  any  beneficial  effects 
whatsoever.  Furthermore,  the  technique  is  difficult 
to  teach  to  patients,  and  it  is  hard  to  believe  that 
it  can  be  useful  in  seriously  ill  patients. 
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Breathing  Control  and  Breathing  Exercises 

Despite  the  theoretical  advantages — improved 
removal  of  secretions,  improved  respiratory  muscle 
strength  and  endurance,  and  increased  tidal  volume 
and  chest-wall  motion — spontaneous  or  induced 
deep-breathing  exercises  have  not  proven  adequate 
to  deal  with  peripheral  airway  obstruction  or 
collapse.'^"'-  Again,  conceivably,  this  has  to  do 
with  the  disparity  between  the  true  condition  within 
the  lung  periphery  and  our  perception  of  it. 

Impact  on  Therapy 

The  considerations  discussed  have  had  great 
impact  on  chest  physiotherapy  in  Scandinavia, 
Europe,  and  increasingly  all  over  the  world.  If  the 
area  of  interest  is  central  airways,  cough  and/or  the 
forced  expiration  technique  can  deal  effectively  with 
the  problem.  If  the  area  of  interest  is  the  lung 
periphery,  a  solution  may  be  somewhat  more 
difficult.  Apparently,  chest  percussion  has  no 
beneficial  effects  and  might  be  harmful.  Postural 
drainage  is  not  of  much  help,  and  breathing  control 
cannot  always  deal  with  the  problem. 

The  New  Vision 

Methods  are  needed  that  can  open  up  and  recruit 
the  obstructed  lung  periphery.'*'-"'-"''-*  Periodic 
application  of  continuous  positive  airway  pressure 
(CPAP)  and  positive  expiratory  pressure  (PEP)  has 
been  suggested  for  this  purpose. ^-^'^  Application 
of  these  modes  increases  the  airway  transmural 
pressure  in  both  the  central  and  the  peripheral 
airways,  which  conceivably  can  lead  to  a  dilatation 
of  the  bronchia!  tree.  This  dilatation  might  promote 
inflow  of  air  behind  obstructions  either  through  the 
ordinary  bronchial  route  or  through  collateral 
channels  and  might  recruit  obstructed  or  collapsed 
peripheral  lung  units.  Gas  exchange  may  improve 
and  secretions  may  be  mobilized  to  more  central 
airways  where  PET  and/or  cough  effectively  can 
deal  with  them. 

Mechanisms  of  Action 

The  most  efficient  way  to  improve  function  of 
an  obstructed  airway  is  to  increase  the  outward  pull 


on  the  airway  by  increasing  lung  volume.'^  In  order 
to  more  fully  understand  the  implications  for 
therapy,  one  should  consider  the  lungs  not  just  as 
2  balloons  attached  to  airways,  but  as  300  million 
balloons  each  connected  to  its  own  airway 
intercommunicating  with  other  airways  and  balloons 
through  collateral  channels. 

Figure  2  demonstrates  such  an  arrangement  in 
the  normal  lung,  in  an  obstructed  region,  and  in 
a  hyperinflated  region.  The  neighboring  regions  try 
to  'help'  the  region  in  trouble  (ie,  in  the  obstructed 
case  the  outward  pull  increases,  and  in  the 
hyperinflated  case  the  outward  pull  decreases).-'^-^^ 

Figure  3  demonstrates  the  effect  of  PEP  in  and 
surrounding  an  obstructed  region.  The  increased 
lung  volume  of  neighboring  units  increases  the 
outward  pull  on  the  obstructed  part.  Conceivably, 
reexpansion  or  recruitment  of  the  obstructed  part 
is  enhanced  and  secretions  are  forced  centrally, 
where  they  can  be  dealt  with  by  cough  and/or  FET. 


Fig.  2.  The  lung  periphery.  A.  With  normal  alveolar 
volume,  the  peripheral  airway  is  stabilized  by  outward  pull 
from  surrounding  alveolar  septa.  B.  In  the  obstructed  state, 
the  decreased  caliber  of  the  airway  increases  outward 
pull  on  adjacent  alveolar  septa.  C.  In  the  hypennflated 
state,  the  increased  caliber  of  the  airway  decreases 
outward  pull  on  adjacent  alveolar  septa. 
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PEP  Treatment 


Fig.  3.  Effects  of  PEP  applied  at  the  airway  opening  on 
an  obstructed  region  of  the  lung  periphery.  Increased 
outward  pull  from  surrounding  enlarged  alveoli  tends  to 
reexpand  obstructed  alveolus. 


Fig.  4.  The  AMBU  PEP-mask  system  with  mask,  valve, 
and  resistance  caps. 


The  PEP  mask  system  (Ambu  Inc.  Hanover  Md) 
shown  in  Figure  4  consists  of  a  face  masi<  and  a 
valve  upon  which  expiratory  resistance  caps  can 
be  mounted.  A  manometer  can  be  inserted  between 
valve  and  resistance  cap  to  determine  the  exact  PEP 
level.  The  resistance  cap  is  determined  for  each 
individual  patient  to  give  a  steady  PEP  of  10-20 
cm  HiO  during  the  middle  part  of  expiration.  Based 
on  my  experience  with  patients,  this  pressure  should 
be  maintained  during  two  minutes  of  tidal  volume 
breathing  through  the  system. 

The  appropriate  resistance  cap  is  selected  as 
follows:  The  patient  is  seated  comfortably  and  holds 
the  mask  tightly  over  nose  and  mouth.  Tidal  volume 
breathing  with  only  slightly  active  expiration  is  used. 
The  different  caps  are  tested  while  the  exact  PEP 
level  is  read  from  the  manometer.  The  size  of  the 
hole  in  the  resistance  cap  is  gradually  decreased 
until  the  correct  PEP  level  has  been  identified. 
Forced  and  complete  expiration  should  be  avoided. 
This  is  the  reason  for  using  a  flow  resistor  rather 
than  a  threshold  pressure  valve.  The  patient  should 
keep  the  lungs  expanded  and  the  lung  volume  up. 
Treatment  is  carried  out  in  the  sitting  position.  The 
patient  takes  about  10  PEP  breaths  followed  by  FET 
and  coughing  to  bring  up  secretions  mobilized  with 
pjjp  29  The  cycle  is  repeated  several  times.  The 
frequency  and  duration  of  each  treatment  is  adapted 
to  the  needs  of  the  individual  patient.  About  15 
minutes,  twice  a  day,  is  usually  recommended  when 
PEP  is  prescribed  as  prophylactic  treatment  during 
stable  pulmonary  disease.-^'^  In  the  postoperative 
patient,  30  breaths  with  PEP  every  hour  during  the 
day  and  a  few  times  during  the  night  have  proven 
useful.'' 

Even  small  children  can  use  the  system  but  should 
be  supervised  during  treatment  sessions.  Correct 
adjustments  of  resistance  caps  and  careful  instruc- 
tion and  supervision  of  treatment  technique  with 
regular  control  sessions  are  mandatory. 

Documentation 

On  the  assumption  that  it  is  important  to  increase 
the  amount  of  sputum  expectorated,  the  immediate 
and  long-term  effects  of  PEP-mask  therapy  have 
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been  compared  with  other  physiotherapy  regimens. 
We  have  studied  the  immediate  effects  of  PEP 
in  cystic  fibrosis  patients.^  Controlled  sputum 
sampling,  oxygen  tensions,  and  large  airway 
function  were  used  as  outcome  measures.  Further- 
more, immediate  effects  of  PEP  on  both  central 
and  peripheral  airways  have  been  investigated. '■*  The 
long-term  effect  of  PEP  administered  as  a  natural 
part  of  chest  physiotherapy  has  been  evaluated." 
Overall,  the  results  demonstrate  that  both  central 
and  peripheral  airway  function  improves  during 
PEP,  and  oxygen  tensions  increase  both  during  and 
following  this  treatment.  During  percussion,  a 
substantial  and  unacceptable  decrease  in  oxygen 
tension  occurs.  PEP  as  a  supplement  to  PET  resulted 
in  a  greater  sputum  yield  than  was  obtained  with 
the  other  techniques.  These  studies  clearly  demon- 
strate that  PEP-mask  therapy  has  an  effect  on 
obstructed  lung  periphery,  an  effect  conceivably 
valuable  in  chest  physiotherapy  strategies. 

It  has  been  postulated  that  exercise  will 
accomplish  the  same  effects  as  does  PEP  therapy. -^^ 
However,  in  a  randomized  controlled  study,^'  PEP 
therapy  was  more  effective  in  increasing  sputum 
yield  and  improving  small  airway  function  than  was 
exercise. 

It  is  mandatory  that  studies  of  efficacy  control 
for  number  of  coughs  during  a  treatment  session, 
that  sputum  be  collected  in  a  consistent  manner, 
and  that  the  treatment  sessions  be  of  the  same  length. 
Unfortunately  this  has  not  always  been  the  case.-'*''o 

Long-term  treatment  of  chronic  bronchitis  with 
PEP  mask  and  chest  physiotherapy  was  addressed 
in  a  controlled  study  by  Christensen  et  al.**  The 
PEP  group  had  significantly  less  cough  and  less 
mucus  production.  The  number  of  acute  exacerba- 
tions was  calculated  from  diaries  and  was  lower 
in  the  PEP  group  compared  to  the  control  group. 
In  the  PEP  group.  85%  of  the  patients  were  free 
from  acute  exacerbations  during  the  study  period, 
compared  to  48%  in  the  control  group.  The  PEP 
group  used  fewer  antibiotics  and  mucolytics.  A 
small  but  significant  increase  in  FEV,  occurred  in 
the  PEP  group  and  a  small  decrease  in  the  control 
group. 

In  postoperative  patients,  a  variety  of  methods 
have  been  advocated  to  normalize  pulmonary 
function   or  to   treat   postoperative   atelectasis. '■''- 


Again,  CPAP  and  PEP  seem  to  be  of  advantage. 
Periodic  CPAP  has  led  to  a  more  rapid  normalization 
of  pulmonary  function  than  deep-breathing  exercises 
or  incentive  spirometry."*'  In  the  treatment  of 
postoperative  atelectasis,  periodic  CPAP  with  a  face 
mask  and  pressures  of  15-  to  20-cm  H^O  has  been 
shown  to  be  superior  to  ordinary  chest  physio- 
therapy.'^ Furthermore,  Ricksten  et  aF  reported  that 
periodic  CPAP  and  PEP-mask  treatments  were 
equally  effective  in  improving  gas  exchange, 
normalizing  pulmonary  function,  and  preventing 
atelectasis.  Both  were  more  effective  than  incentive 
spirometry  following  upper-abdominal  surgery. 
Clearly,  the  best  chest  physiotherapy  offered  to  the 
surgical  patient  is  early  ambulation  with  its 
associated  normalizing  of  pulmonary  function. 
Periodic  CPAP  or  the  much  less  cumbersome  system 
of  PEP  mask  should  only  be  considered  for  high- 
risk  patients  (ie,  those  undergoing  upper-abdominal 
surgery,  those  with  abnormal  preoperative  pulmo- 
nary function  or  secretions,  and  elderly  patients  and 
obese  patients). 

In  Conclusion 

Many  older  or  classic  chest  physiotherapy  strategies 
have  not  been  able  to  stand  the  challenge  of  time 
or  controlled  clinical  trials.  Percussion  and  classic 
postural  drainage  are  among  these.  The  effectiveness 
of  the  forced  expiration  technique  and  coughing  is 
well  documented — but  only  effective  in  central 
airways.  To  overcome  problems  in  the  lung  periphery, 
other  methods  are  indicated.  Periodic  CPAP  or  the 
much  easier  PEP-mask  therapy  is  attracting  increasing 
interest,  and  has  already  proven  effective  in  clinical 
controlled  trials  in  patients  with  postoperative 
pulmoniiry  problems,  cystic  fibrosis,  and  chronic 
bronchitis.  Whether  such  approaches  will  change  the 
natural  history  of  these  diseases  is,  by  and  large, 
unknown,  but  the  issue  must  be  addressed  in  controlled 
studies.  In  our  part  of  the  world,  positive  expiratory 
pressure  was  first  used  by  Bunnell  in  1912  during 
thoracic  surgery.-*-  In  1935,  Barach*'  used  it  in 
obstructive  diseases,  and  in  1936  Poulton"*^  used  it 
for  pulmonaiy  edema.  My  group  introduced  periodic 
CPAP  in  1980"  and  the  PEP  mask  was  introduced 
by  Falketal  in  1984.^ 

It  may  be  that  the  origin  of  PEP  dates  back  to 
classical  Chinese  history  in  the  period  preceding  the 
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Han  Dynasty.  In  the  Tseen  Han  Sho.  written  around 
30  BC  and  translated  by  Wylie  in  1881,-*'^  a  mountain 
trip  from  the  western  regions  to  the  Hindu  Kush  in 
Afghanistan  is  described.  Travelers  experience  acute 
mountain  sickness  crossing  the  Great  Headache 
Mountain  and  the  Little  Headache  Mountain.  It  was 
suggested  that  the  condition  improved  by  breathing 
out  through  cloths — low-dose  PEP! 
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Andersen  Discussion 

He.ss:  My  question  in  looking  at  these 
devices  (with  which  I  have  been  in- 
trigued) relates  to  your  design  of  the 
PEP  (positive  end-expiratory)  mask. 
Why  did  you  choose  to  use  a  fixed 
expiratory  resistance  rather  than  the 
threshold-type  valve  more  commonly 
used  to  produce  PEEP  and  CPAP? 
It  seems  to  me  that  there  might  be 
more  benefit  to  using  a  7.5  cm-PEEP 
valve,  for  example,  than  in  using  a 
fixed  resistance. 

Andersen:  I  agree  with  you,  and  I 
must  admit  it  was  one  of  my  major 
complaints  from  the  beginning.  As 
you  know,  Denmark  is  a  rather  poor 
country,  and  if  you  had  to  put  on  a 
valve  with  a  threshold-type  resist- 
ance, then  that  would  increase  dram- 
atically the  cost  of  the  equipment. 
That  was  one  argument.  The  other 
argument,  which  1  must  admit  I  ditin't 
buy  in  the  beginning,  was  the  fact 
that  some  of  our  patient-care  staff  told 


us  that  it  was  useful  that  the  resistance 
depends  on  the  expiratory  flow  of  the 
patient.  If  patients  have  some  trouble 
getting  the  secretions  up,  then  they 
increase  their  expiratory  flow  in  order 
to  increase  the  PEP  pressure.  So  they 
sort  of  work  against  the  resistance  in 
order  to  get  a  higher  pressure.  And 

1  must  admit  that  makes  sense  to  me. 
Hess:  Is  it  not  also  possible  that  the 
patient  could  adjust  their  ventilatory 
pattern  so  they  would  get  very  little 
or  no  expiratory  pressure? 
Andersen:  That  brings  up  the  ques- 
tion How  do  you  instruct  the  patient 
to  use  these  devices  properly?  The 
way  that  is  done  is  that  you  measure 
the  pressure  with  a  manometer, 
instruct  them  absolutely  correctly  on 
how  to  use  it,  and  then  determine  on 
the  manometer  that  the  pressure  of 
15-20  cm  HiO  is  reached  constantly 
with  only  a  slight  expiration  during 

2  minutes  of  nonnal  tidal  breathing. 
If  you  do  that,  then  those  wt)rking 
with    patients    tell    me    that    patient 


compliance  in  terms  of  use  is  pretty 
high,  and  if  when  they  next  work  with 
the  patient — 1  hour  or  two  weeks 
later — they  find  out  that  the  PEP 
pressure  actually  is  pretty  constant  at 
the  level  desired.  Certainly,  I  agree 
that  we  will  all  change  our  ventilatory 
pattern. when  we  put  on  a  face  mask 
or  use  a  resistor,  but  that  should  be 
matched  to  each  individual  patient  at 
the  first  visit. 

Mathews:  At  the  1989  World  Con- 
gress on  Home  Care  held  in  Rome, 
Italy,  there  were  several  papers  on 
PEP  mask — most  of  them  from 
France.''*  From  my  recollection, 
those  papers  confimi  what  you  were 
saying — they  showed  a  definite 
increase  in  functional  activity  of  the 
patient  and  increased  compliance  with 
the  treatment  regimen  using  those 
PEP  masks. 

1.  Marrone  O.  CPAP  in  treatment  of 
obstructive  sleep  apnea  syndrome 
(abstract).  Rome:  World  Congress  on 
Home  Care.  1989. 
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2.  Krieger  J.  Long-term  treatment  with 
CPAV  in  obstructive  sleep  apnea 
syndrome  (abstract).  Rome:  World 
Congress  on  Home  Care,  1989. 

3.  Leger  P.  Technical  support  and  new 
devices  for  respiratory  home  care 
(abstract).  Rome:  World  Congress  on 
Home  Care.  1989. 

4.  Newton-John  H.  Nasal  mask  venti- 
lation at  home:  An  experience  of  1 1 
patients  (abstract).  Rome:  World 
Congress  on  Home  Care.  1989. 

Andersen:  One  thing  that  I  think  is 
important  is  the  issue  of  patient 
cooperation.  I  have  been  told  and  have 
seen  that  PEP  masks  can  be  used 
successfully  in  those  patients  who  do 
not  cooperate. 

Mathews:  To  follow  up  on  that — part 
of  the  reason  for  improved  compliance 
might  be  the  lack  of  need  for  a  lot 
of  peripheral  equipment.  The  PEP 
masks  are  much  lighter  and  easier  to 
use  than  the  CPAP  devices.  That  may 
foster  increased  compliance. 
Green:  Do  children  under  2  or  3  years 
of  age  receive  no  therapy  or  do  they 
receive  chest  physiotherapy  in  the 
conventional  way? 
Andersen:  Mahlmeister  et  al'  pres- 
ented an  abstract  at  the  1990  AARC 
Annual  Convention  in  New  Orleans 
describing  the  case  of  a  3'/2-year-old 
girl  for  whom  PEP-mask  therapy 
proved  more  efficacious  than  postural 
drainage  and  percussion.  These 
authors  also  stated  that  they  employed 
PEP-mask  therapy  in  a  number  of 
other  pediatric  patients  (age  3'/:- 14  y) 
and  observed  greater  sputum  produc- 
tion than  had  been  previously 
observed  with  postural  drainage  and 
percussion.  We  have  used  it  in 
patients  as  young  as  2Vi  years. 

1 .  Mahlmeister  M,  Hoffman  G,  Fifer  L. 
Positive  expiratory  pressure  (PEP) 
mask  therapy  as  a  bronchial  hygiene 
technique  (abstract).  Respir  Care 
1990;35:1090-1091. 


regarding  chest  physiotherapy  with 
small,  premature  babies,  especially 
the  baby  with  hyaline  membrane 
disease  who's  early  into  his  disease. 
I  think  we  just  have  to  be  careful  in 
any  routine  type  of  physiotherapy  for 
these  children.  I  don't  think  it  is 
indicated.  Suctioning,  if  there  seems 
to  be  an  indication,  is  appropriate.  But 
I  think  at  least  in  the  past  we  u.sed 
to  have  this  tradition  of  suctioning 
every  4  hours  or  2  hours,  whatever. 
I  think  the  side  effects  in  terms  of 
increased  intracranial  pressure  and 
possibly  aggravating  intraventricular 
hemorrhage  really  makes  those  activ- 
ities less  desirable  in  the  premature 
infants. 

Andersen:  I  agree  completely  with 
you.  I  think  the  most  important  part 
about  this  thing  certainly  is  that 
treatment  should  always  be  individ- 
ualized. That's  one  thing.  The  other 
thing  is  that  I  am  not  an  expert  on 
neonates.  To  my  knowledge,  periodic 
PEP  or  CPAP  has  not  been  used  in 
neonates. 

Goldberg:  Can  you  comment  on  the 
use  of  vibration  during  chest  physio- 
therapy in  premature  infants  or 
children  with  BPD? 
Andersen:  When  you  vibrate  these 
children  something  certainly  happens. 
But,  I  must  admit,  the  only  thing  it 
seems  to  me  that  happens  is  that  it 
might  shake  the  central  airways 
because  you  shake  the  whole  child. 
When  you  do  that  then  you  may  be 
able  to  induce  a  cough.  I  must  admit 
that  I  thought  that  the  difference  in 
the  mechanical  compliance  of  the 
chest  wall  made  a  difference.  But 
there  are  studies  demonstrating  that 
distortion  of  even  the  pleural  surface 
cannot  be  detected  at  a  distance  of 
a  few  alveoli.' 

I.     West  JB.  Regional  differences  in  the 
lung.  New  York:  Academic  Press, 

1977:281-322. 


Goldberg:   Just  a  note  of  caution        Barnes:    Would   you   comment   on 


whether  you  think  there  are  advan- 
tages to  using  mechanical  or  pneu- 
matic percussors  rather  than  your 
hands. 

Andersen:  I  don't  think  so.  People' 
who  have  tried  to  look  into  this  and 
tried  to  explain  how  it  works  have 
come  up  with  something  about  the 
frequency  on  which  the  percussor 
works — stating  that  if  it  was  close  to 
the  resonance  frequency  of  lung/ 
thorax  or  the  ciliary  beating  frequency 
that  might  be  good.  The  notion  then 
is  that  the  frequency  certainly  will 
change  with  and  within  lung  disease. 
As  far  as  I  can  see,  no  clinical 
scientific  evidence  supports  any  of 
these  percussion  methods.  But.  as  I 
suggested,  there  are  data  demon- 
strating that  in  rather  small  propor- 
tions of  all  patients  it  might  actually 
be  harmful. 

I.  King  M.  Phillips  DM,  Gross  D, 
Vartian  V,  Chang  HK,  Zidulka  A. 
Enhanced  tracheal  mucus  clearance 
with  high  frequency  chest  wall 
compression.  Am  Rev  Respir  Dis 
1983;128:511-515. 

Barnes:  With  adults,  some  studies'" 
have  shown  that  if  patients  aren't 
producing  a  minimum  of  30  mL/day 
of  sputum,  chest  physiotherapy  does 
no  good.  Are  there  any  studies  for 
children  or  infants  that  show  similar 
kinds  of  results? 

1 .  Newton  DAG,  Stephenson  A.  Effect 
of  physiotherapy  on  pulmonary 
function.  Lancet  1978;2:228-230. 

2.  Newton  DAG,  Bevans  HG.  Physio- 
therapy and  intermittent  positive 
pressure  ventilation  of  chronic  bron- 
chitis. Br  Med  J  1978:2:1525-1528. 

3.  May  DB,  Munt  PW.  Physiological 
effects  of  chest  percussion  and 
postural  drainage  in  patients  with 
stable  bronchitis.  Chest  1979:75:29- 
32. 

4.  Mohsenifar  Z.  Rosenberg  N.  Gold- 
berg HS,  Koemer  SK.  Mechanical 
vibration  and  conventional  chest 
physiotherapy    in    outpatients    with 


RESPIRATORY  CARE  •  JUNE  '91  Vol  36  No  6 


553 


ANDERSEN  DISCUSSION 


stable  chronic  obstructive  lung  dis- 
ease. Chest  1985;87:483-485. 
Andersen:  Not  to  my  knowledge. 
Orenstein:  This  is  a  comment  rather 
than  a  question — partly  to  second  your 
word  of  caution  about  the  literature 
being  pretty  empty  in  terms  ot  good 
comparative  studies.  I  think  we  have 
to  interpret  studies  that  compare  how 
things  are  nowadays  when  we're  using 
PEPYnasks  compared  to  how  they  were 
ancient-history-wise  when  we  didn't 
use  PEP.  We  have  to  be  very  cautious 


about  that.  For  example,  in  Denmark, 
as  you  are  well  aware,  in  the  last  10 
ye;u-s,  in  addition  to  using  PEP  masks 
they  have  also  hospitalized  all  CF 
patients  for  intravenous  antibiotic 
therapy  2  weeks  out  of  every  3  months. 
One  might  make  the  case  that  this  may 
have  made  a  bigger  difference  in  terms 
of  improving  pulmonary  function  and 
overall  lung  health  than  a  particular 
form  of  chest  physiotherapy. 
Andersen:  I  agree.  Pedersen  has 
documented  that.'  The  rea.son  I  showed 


the  slide  on  pulmonary  function  was 
that  some  claim  that  lung  function  will 
deteriorate  if  you  do  not  use 
percussion.- 

1 .  Pedersen  SS,  Jensen  T,  Heiby  N,  Koch 
U,  Flensborg  EW.  Management  of 
Pseiidomonas  aeruginosa  lung  infec- 
tion in  Danish  cystic  fibrosis  patients. 
Acta  Paediatr  Stand  1987;76:122-130. 

2.  Reismann  JJ.  Rivington-Law  B.  Corey 
M.  et  al.  Role  of  conventional  phy- 
siotherapy in  cystic  fibrosis.  J  Pediatr 
1988:113:632-636. 
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Assessment  of  the  Pediatric  Airway 
by  Flexible  Bronchoscopy 


Christopher  G  Green  MD 


Introduction 

Flexible  bronchoscopy  was  introduced  by  Ikeda' 
in  1966.  The  technique  was  initially  used  only  in 
adults  due  to  the  diameter  of  the  instruments.  Since 
the  introduction  of  the  first  pediatric  bronchoscope 
in  1978,2  the  use  of  flexible  bronchoscopy  in  infants 
and  children  has  grown  steadily.  Flexible  bronchos- 
copy is  an  exceptional  diagnostic  tool  and  has 
several  therapeutic  uses  as  well.  In  this  paper  I 
discuss  the  technology  of  fiberoptic  imaging,  the 
equipment  used  in  pediatric  bronchoscopy, 
indications  for  flexible  bronchoscopy  (including  its 
use  in  the  neonatal  intensive  care  unit),  and 
anesthetic-sedative  techniques.  Flexible  and  rigid 
bronchoscopy  are  compared  because  both 
techniques  are  necessary  for  the  comprehensive 
management  of  children  with  airway  problems. 

Fiberoptic  Technology 

Light  transmission  through  a  fiberoptic  cable 
depends  upon  internal  reflection  of  light  down  the 
length  of  individual  glass  fibers,  as  shown  in  Figure 
1.  Introduced  in  1957  by  Curtiss  and  Hirschowitz,-^ 
modem  fiberoptic  technology  uses  glass  fibers  clad 
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Fig.  1 .  An  unclad  fiber  with  a  contaminated  surface  loses 
light  throughout  its  length.  Cladding  protects  the  interface 
surface  and  increases  transmission  efficiency.  (Reprinted, 
with  permission,  from  Reference  3.) 


with  a  layer  of  a  different  glass.  Light  passing  into 
the  end  of  a  plain  glass  fiber  will  undergo  internal 
reflection  as  it  passes  down  the  length  of  the  fiber, 
but  a  large  amount  of  the  light  may  be  lost  via 
refraction  through  the  wall  of  the  fiber.  Light 
entering  the  fiber  nearly  parallel  to  the  fiber's  length 
will  undergo  mostly  internal  reflection  and  emerge 
from  the  other  end  of  the  fiber.  Light  entering  at 
a  greater  angle  undergoes  greater  loss  by  refraction. 
If  the  fibers  are  clad  with  glass  of  a  lower  refractive 
index,  refractive  losses  can  be  reduced  to  nearly 
zero  for  light  that  strikes  the  core-cladding  interface 
at  an  angle  of  incidence  (as  measured  from  normal) 
greater  than  the  critical  angle.  (The  critical  angle 
is  determined  by  the  refractive  indices  of  the  core 
and  cladding  glasses.)  This  approach  assures 
excellent  transmission  of  light  through  a  clad  fiber, 
but  each  fiber  provides  only  a  tiny  dot  of  light. 

Image  production  with  fiberoptics  requires  a 
coherent  bundle  of  thousands  of  clad  fibers  each 
about  8  |xm  in  diameter.  Figure  2  shows  how  the 
clad  fibers  are  arranged   in  a  bundle.  The  term 
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Fiber  clodding 


Fiber  core 


Individual  fiber 


Fig.  2.  Individual  fibers  are  grouped  into  a  bundle  in  a 
honeycomb  pattern.  Only  the  light  falling  on  the  core  glass 
(shaded  area)  is  transmitted.  (Reprinted,  with  permission, 
from  Reference  3.) 


coherent  means  that  the  arrangement  of  individual 
fibers  at  one  end  of  the  bundle  is  exactly  duplicated 
at  the  other  end  of  the  bundle.  As  shown  in  Figure 
3,  an  image  can  then  be  transmitted  from  one  end 
of  the  bundle  to  the  other  without  distortion.  The 
image  is  composed  of  thousands  of  dots  of  light 
with  each  fiber  producing  one  dot.  If  the  bundle 


COHERENT 
FIBERBUNDLE 


Imoge  pro|ecied  on 
face  of  bundle 


INCOHERENT 
FIBERBUNDLE 


Innoge  pro|ected  on 
face  of  bundle 


Image  is  lost  due  to 
random  order  of  fibers 


Fig.  3.  In  a  coherent  fiber  bundle,  the  arrangement  of 
fibers  in  one  end  of  the  bundle  exactly  matches  the 
arrangement  in  the  opposite  bundle  face  (A).  An  incoherent 
bundle  exhibits  no  correlation  between  the  fiber  arran- 
gements in  the  two  bundle  faces  (B).  (Reprinted,  with 
permission,  from  Reference  3.) 


is  not  coherent,  it  will  not  transmit  an  image  but 
will  still  transmit  light.  Noncoherent  bundles  called 
light  guides  are  used  to  carry  light  for  illumination 
from  the  light  source,  through  the  bronchoscope, 
and  into  the  patient. 

Recently,  some  larger  endoscopes  have  incorpo- 
rated a  charge-coupled  device  (CCD)  at  the  tip  of 
the  scope.  The  CCD  is  a  solid-state  electronic  device, 
used  in  many  video  cameras,  that  converts  the  image 
into  an  electronic  signal  carried  through  wires  to 
a  video  display.  This  type  of  instrument  uses 
fiberoptics  to  carry  light  into  the  patient,  but 
fiberoptics  are  not  used  in  the  imaging  process.  In 
the  future,  more  endoscopic  imaging  will  be 
performed  by  CCDs.  Currently  (1991),  CCDs  are 
not  small  enough  to  be  used  in  pediatric 
bronchoscopes. 

Equipment  and  Facilities  for 
Fiberoptic  Bronchcscopy 

The  typical  pediatric  flexible  bronchoscope  (FBS) 
has  a  3.5-  to  3.6-mm  outer  diameter  (OD)  with  a 
1.2-mm  suction  channel  and  160°  of  distal  flexion. 
This  instrument  can  be  used  for  most  pediatric 
examinations,  even  of  premature  infants  weighing 
less  than  1,000  g.  Smaller  bronchoscopes  (2.7-mm 
OD  and  2.2-mm  OD)  have  similar  distal  flexion 
but  no  suction  channel.  These  ultrathin  broncho- 
scopes are  very  useful  for  examination  through 
indwelling  tracheostomy  or  endotracheal  tubes,  and 
may  also  be  used  to  guide  the  intubation  of  small 
infants.  Even  smaller  fiberoptic  imaging  devices 
(1.8-mm  OD  and  1.1 -mm  OD)  are  available,  but 
have  no  suction  channel  and  no  distal  flexion.  Their 
use  is  limited  to  patients  with  artificial  airways. 
Applications  include  the  determination  of  endotra- 
cheal tube  placement  and  evaluation  of  the  distal 
trachea  and  main-stem  bronchi  for  mucus  plugging, 
granulomas,  or  inflammation.-*^  Slim,  adult-sized 
bronchoscopes  (4.9-mm  OD  with  a  2.0-mm  suction 
channel)  may  be  used  with  older  children  if 
transbronchial  biopsy  is  planned.^ 

Flexible  nasopharyngoscopes  with  outside 
diameters  of  3.5  mm  are  available.  These  are  useful 
for  rhinoscopy,  nasopharyngoscopy,  and  laryngos- 
copy, but  they  have  no  suction  capabilities  and  are 
loo    short    for   bronchoscopy.    Also,    intubation 
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bronchoscopes  with  outside  diameters  of  3.5  mm 
are  mariceted.  These  are  similar  to  the  standard 
pediatric  FBSs.  but  are  stiffer  to  facilitate  the  use 
of  the  instrument  as  an  endotracheal  tube  guide. 

Light  sources  for  flexible  bronchoscopy  vary  in 
light  production.  Brighter  light  sources  are  superior 
for  pediatric  applications  because  of  the  small 
fiberoptic  bundles  used  in  the  pediatric  instruments. 

A  variety  of  imaging  systems  are  available  for 
use  with  FBSs,  including  conventional  35-mm, 
Polaroid,  and  video  cameras.  The  quality  of  video 
cameras  continues  to  improve,  and  such  cameras 
are  preferred  for  pediatric  bronchoscopy  because 
of  the  importance  of  dynamic  findings  in  the  airway. 

Other  equipment  needed  for  pediatric  broncho- 
scopy is  Hsted  in  Table  1.  The  availability  of 
appropriate  monitoring  and  resuscitation  equipment 
is  as  important  as  the  availability  of  the  broncho- 
scope. Supplies  for  cleaning  and  disinfecting  the 
bronchoscope  are  also  necessary  for  any  broncho- 
scopy suite. 


Table    1.  Equipment    and    Supplies    for    Pediatric    Flexible 
Bronchoscopy 


Flexible  bronchoscopes 
Light  source 
Video  camera 

Adjustable  examination  table 
Oxygen  outlets  (2) 

Suction  outlets  (2) 

Electrocardiographic 

monitor 
Pulse  oximeter 


Intravenous  supplies 

Sedative  agents 

Lidocaine  for  topical  anesthesia 

Naloxone 

Resuscitator  bags  and  masks 
of  appropriate  size 

Tracheostomy  and 
endotracheal  tubes 

Resuscitation  cart 
Cleaning  supplies 


Bronchoscopy  Assistants 

Pediatric  flexible  bronchoscopy  with  sedation  is 
carried  out  in  the  ideal  situation  by  a  three-person 
team:  the  bronchoscopist  and  two  assistants.  One 
assistant  administers  the  sedation  and  the  topical 
anesthetic  and  helps  with  the  equipment.  The  other 
assistant  carries  out  visual  monitoring  of  the  patient, 
talks  soothingly  to  the  patient,  and  stabilizes  the 


patient's  head  in  the  midline  position.  The  second 
assistant  should  not  be  holding  down  a  struggling 
patient  during  the  procedure;  such  a  patient  is 
inadequately  sedated,  and  bronchoscopy  should  not 
be  performed  under  such  circumstances.  Good 
communication  among  teain  members  and 
consistent,  experienced  assistants  help  make 
bronchoscopies  smoother  and  safer. 

Monitoring 

The  four  important  aspects  of  monitoring  patients 
are  ( 1 )  adequate  planning  for  monitoring  during  the 
procedure,  (2)  visual  and  aural  monitoring,  (3) 
electrocardiographic  monitoring,  and  (4)  monitoring 
by  pulse  oximetry.  The  American  Academy  of 
Pediatrics  has  published  guidelines  for  sedation  in 
pediatric  patients,**  that  emphasize  the  importance 
of  adequate  personnel  and  monitoring.  They  also 
clearly  state  that  sedated  patients  should  not  be  left 
unattended  and  imply  that  monitoring  should 
continue  after  completion  of  the  procedure  until  the 
patient  is  awake  and  has  returned  to  the  presedation 
level  of  responsiveness. 

Planning  for  a  pediatric  flexible  bronchoscopy 
includes  planning  the  monitoring.  Although 
critically  ill  patients  are  best  examined  in  the 
intensive  care  unit  where  appropriate  invasive 
monitoring  is  available,  most  patients  can  be 
examined  in  the  endoscopy  suite  where  noninvasive 
monitoring  is  available.  Limited  examinations  (such 
as  rhinoscopy  and  nasopharyngoscopy)  can  be 
carried  out  safely  on  older  patients  in  the  office 
with  only  topical  anesthesia  and  without  electronic 
monitoring.^ 

Visual  and  aural  monitoring  are  of  great 
importance  during  flexible  bronchoscopy.  Obser- 
vation of  the  child's  color,  chest-wall  movement, 
and  breath  sounds  assessed  with  or  without  the 
stethoscope,  provide  immediate  assessment  of  the 
patient.  For  example,  a  patient  with  increasing 
snoring,  poor  breath  sounds,  or  poor  chest-wall 
movement  should  not  receive  further  sedation.  The 
responsibility  for  visual  monitoring  should  be 
assumed  by  an  assistant.  The  bronchoscopist  must 
concentrate  on  the  airway  anatomy  during  the 
examination,  but  should  be  aware  of  the  patient's 
physiologic  status. 
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Electrocardiographic  monitoring  may  reveal 
tachycardia  in  stressed  patients  or  bradycardia  due 
to  hypoxemia  or  vagal  stimulation.  We  have  rarely 
noted  ventricular  and  atrial  dysrhythmias. 

Pulse  oximetry  is  widely  used  in  operating  rooms 
and  intensive  care  units.  Despite  possible  problems 
with  inaccurate  readings  due  to  motion  artifact, 
oximetry  is  a  useful  early  warning  device  for  arterial 
desaturation.  Although  supplemental  oxygen  is  not 
routinely  given  during  pediatric  flexible  bronchos- 
copy, it  should  be  administered  if  patients  desaturate. 
The  bronchoscopist  should  be  alerted  to  the  fact 
that  the  bronchoscopy  and/or  the  sedation  has  caused 
a  physiologic  perturbation.  The  bronchoscopist  must 
realize  that  supplying  supplemental  oxygen  does  not 
assure  adequate  ventilation  and  that  ventilation  is 
assessed  by  breath  sounds  and  chest-wall  movement. 

Indications  and  Contraindications 

Table  2  lists  indications  for  flexible  bronchos- 
copy. The  decision  to  perform  bronchoscopy  must 
always  be  made  specifically  for  the  particular 
patient.  For  example,  the  child  presenting  with 
uncomplicated  croup  will  not  benefit  from  flexible 
bronchoscopy,  but  for  a  patient  who  has  experienced 
five  or  six  episodes  of  croup,  bronchoscopy  becomes 
an  important  part  of  evaluation.  Most  cases  of 
chronic  cough  can  be  evaluated  and  adequately 
treated  without  bronchoscopy,  but  in  selected  cases 
bronchoscopy  can  provide  a  definitive  diagnosis.'" 
Even  a  bronchoscopy  with  only  normal  findings 
can  be  very  helpful  by  excluding  certain  diagnoses 
and  thereby  allaying  anxiety  in  the  patient  and 
family. 

Table  2.  Indications  for  Flexible  Bronchoscopy 


Unexplained  stridor 
Recurrent  pneumonia 
Persistent  atelectasis 
Unexplained  cough 

Tracheostomy  evaluation 

Suspected  tracheoesophageal 
fistula 

Aid  to  intubation 


Unexplained  wheezing 

Persistent  pneumonia 

Hemoptysis 

Suspected  airway 
compression 

Bronchograms 

Diagnosis  of  pulmonary 

uiriltrales(broiK'hoalvcolar 

lavage) 


In  the  most  general  sense,  flexible  bronchoscopy 
is  indicated  when  the  potential  benefits  of  the 
procedure  outweigh  the  risks.  When  the  opposite 
is  true,  the  procedure  is  contraindicated.  Relative 
contraindications  include  severe  bleeding  and  the 
need  to  pass  the  instrument  beyond  a  severe  airway 
stenosis.  In  cases  of  suspected  epiglottitis, 
intrabronchial  foreign  body,  or  massive  hemoptysis, 
bronchoscopy  is  needed  but,  as  will  be  discussed, 
rigid  bronchoscopy  is  indicated. 

Anesthetic-Sedative  Techniques 

A  comprehensive  approach  to  sedation  of 
pediatric  patients  for  flexible  bronchoscopy  includes 
(1)  control  of  the  ambiance  of  the  bronchoscopy 
suite,  (2)  topical  anesthesia  of  the  airway,  and  (3) 
pharmacologic  sedation  of  the  patient. 

The  ambiance  or  mood  in  the  bronchoscopy  suite 
is  of  great  importance  in  maximizing  patient  comfort 
and  minimizing  the  need  for  sedation." 
Bronchoscopists  and  their  assistants  should  make 
every  attempt  to  minimize  the  child's  fear  of  the 
new  situation.  The  bronchoscopy  suite  should  be 
fully  prepared  before  the  patient  is  brought  into  the 
room.  An  assistant  talks  soothingly  to  the  child 
during  the  sedation  and  the  procedure.  This  approach 
can  even  include  formal  hypnotic  induction."  The 
lights  in  the  room  are  turned  down,  leaving  adequate 
light  for  assessing  the  patient's  skin  color.  Dialogue 
in  the  suite  is  confined  to  discussion  of  the  patient. 
A  low,  relaxed  tone  of  voice  is  used,  and  words 
such  as  hurt,  pain,  cough,  and  bleeding  are  avoided. 
The  flow  of  information  in  the  room  should  be 
controlled  to  minimize  the  patient's  anxiety. 

Topical  anesthesia  of  the  airways  is  important 
in  all  pediatric  flexible  bronchoscopies.  A  possible 
exception  to  this  rule  is  the  examination  in  which 
the  bronchoscope  is  confined  to  an  artificial  airway. 
Topical  anesthesia  of  the  nose  can  be  achieved  with 
2%  lidocaine  solution'-  or  with  lidocaine  jelly'^ 
applied  to  the  naris.  The  distal  few  centitneters  of 
the  bronchoscope  are  coated  with  lidocaine  jelly, 
and  the  bronchoscope  is  then  passed  through  the 
nasal  airway.  The  oral  route  is  almost  never  used 
in  pediatrics  because  of  the  danger  posed  to  the 
bronchoscope  by  the  child's  icclh.  When  the 
nasopharynx  is  reached,  subsequent  anesthesia  is 
achieved  by  the  'spray-as-you-go"  method.  Aliquots 
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of  0.5  to  l.OniLof  2%  lidocaine  solution  are  sprayed 
onto  the  airway  mucosa.  After  allowing  a  minute 
for  the  lidocaine  to  take  effect,  the  bronchoscope 
is  advanced  and  further  lidocaine  sprayed  on  the 
more  distal  airways. 

Topical  application  of  lidocaine  results  in  rapid 
systemic  absorption  from  the  lower  airway  mucosa 
and  slower  absorption  of  any  swallowed  drug.  The 
maximum  absorbed  dose  should  be  limited  to  7  mg/ 
kg.'-  Lidocaine  toxicity  has  been  documented  in 
children,'-*  and  such  toxicity  may  be  manifested  as 
seizures,  tremulousness,  or  excitement.  Therapeutic 
levels  of  lidocaine  can  be  reached  after  topical 
application  of  lidocaine  to  the  airways.'''  Some 
bronchoscopists  prefer  to  use  1%  lidocaine  in 
smaller  infants  because  this  allows  a  larger  volume 
of  the  drug  to  be  used. 

The  sedation  needed  for  pediatric  bronchoscopy 
is  variable,  depending  upon  the  age,  maturity, 
medical  status  of  the  patient,  and  extent  of  the 
procedure.  Cooperative  teenagers  and  older  children 
can  be  examined  with  no  sedation  or  after  1  mg/ 
kg  or  less  of  intravenous  meperidine.  Younger 
children  may  require  2-2.5  mg/kg  of  intravenous 
meperidine.  Neonates  require  less  sedation  per 
kilogram  of  body  weight;  in  small  neonates,  no 
sedation  is  needed.  The  intravenous  route  of  sedation 
is  preferred  because  it  allows  the  sedative  dose  to 
be  titrated  to  achieve  adequate  but  not  excessive 
sedation.  The  goal  of  sedation  for  pediatric  flexible 
bronchoscopy  is  to  maintain  physiologic  stability 
and  patient  comfort  during  the  procedure. 

Opiates  are  widely  used  in  the  sedation  of 
children.  Meperidine  (1-2.5  mg/kg  LV.),  morphine 
(0.1-0.2  mg/kg  LV.),  or  fentanyl  (1-2  |jLg/kg  LV.) 
may  be  administered.  A  common,  initial  dose  of 
meperidine  is  1  mg/kg  I.V.,  with  additional  but 
usually  smaller  doses  titrated  to  achieve  the  desired 
effect. 

Benzodiazepines  are  often  used  in  combination 
with  narcotic  agents.  Midazolam  (0.03  mg/kg  LV.) 
is  an  effective  amnestic  agent.  Although  this  drug 
has  not  yet  been  approved  for  use  in  children,  it 
is  widely  used  in  intensive  care  units  and  for 
pediatric  endoscopies.  Some  children  become 
disoriented  when  given  benzodiazepines;  therefore, 
these  agents  are  not  usually  used  as  the  sole  sedative 
agent  for  pediatric  flexible  bronchoscopies. 


Occasionally,  methohexital,  a  short-acting 
barbiturate,  may  be  used  as  an  adjunct  in  achieving 
adequate  sedation.  We  have  found  that  when  given 
after  meperidine,  the  methohexital  dose  should  be 
0.5-1.0  mg/kg  and  should  be  administered  over 
about  30  seconds.  Higher  doses  or  rapid  admin- 
istration may  lead  to  apnea. 

Sometimes  combinations  of  sedative  agents  are 
used  in  pediatrics.  Meperidine  and  midazolam  are 
combined  commonly."'  A  combination  of  meper- 
idine with  promethazine  and  chlorpromazine  (MFC) 
has  been  widely  used  in  children.  This  combination 
results  in  prolonged  sedation  and  has  been  associated 
with  respiratory  depression.'''  If  MFC  is  used, 
prolonged  monitoring  of  the  patient  is  essential. 

Shelley  et  al'**  have  discussed  the  effects  of  an 
ideal  sedative  agent  including  analgesia,  amnesia, 
and  anxiolysis  without  side  effects.  In  addition,  the 
ideal  agent  is  reversible.  Narcotic  agents  can  be 
reversed  with  naloxone,  and  the  effects  of  benzo- 
diazepines can  be  reversed  with  flumazenil,  but  this 
agent  is  not  yet  available  in  the  United  States.'^ 
Both  narcotics  and  benzodiazepines  have  side 
effects.  Neither  class  of  drugs  provides  analgesia, 
amnesia,  and  anxiolysis.  Because  the  ideal  sedative 
is  not  available,  endoscopists  must  choose  an  agent 
or  combination  of  agents  that  is  best  for  the  particular 
procedure  and  patient. 

Endoscopists  and  their  assistants  should  realize 
that  sedation  in  young  children  is  much  different 
from  sedation  in  adults.  Adults  usually  tolerate 
bronchoscopy  with  conscious  sedation,  whereas 
young  children  often  require  deep  sedation.  Flexible 
bronchoscopy  should  not  be  performed  when  it  is 
necessary  to  restrain  the  struggling  child.  In  this 
situation,  a  good  examination  is  impossible  and  the 
experience  is  unpleasant  for  the  patient,  the 
assistants,  and  the  bronchoscopist.  If  the  child 
struggles  through  an  initial  bronchoscopic 
procedure,  any  subsequent  procedure  will  be  much 
more  difficult. 

Technique  of  Examination 

After  adequate  sedation  and  topical  anesthesia 
of  the  nasal  airway  have  been  achieved,  the 
bronchoscope  is  passed  into  the  nose.  The  nasal 
airway,  pharynx,  larynx,  trachea,  and  bronchi  are 
subsequently  examined  after  further  application  of 
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topical  lidocaine.  Both  static  and  dynamic  findings 
are  noted.  If  one  uses  the  3.5-mm  bronchoscope, 
even  infants  under  1,000  grams  can  be  examined. 
In  premature  infants,  adequate  spontaneous 
ventilation  may  not  be  possible  once  the  broncho- 
scope is  past  the  vocal  cords.  In  such  cases,  after 
a  30-  to  45-second  examination  of  the  lower  airways, 
the  bronchoscope  is  withdrawn  above  the  vocal 
cords  so  the  patient  can  breathe. 

If  indicated,  bronchoalveolar  lavage  (BAL)  may 
be  carried  out  even  in  small  infants.  The  tip  of 
the  bronchoscope  is  gently  wedged  in  a  bronchus. 
Aiiquots  of  normal  saline  are  instilled  into  the  distal 
airways  (usually  10  mL,  but  less  in  infants).  Gentle 
aspiration  after  each  aliquot  returns  20-30%  of  the 
first  aliquot  and  over  30%  of  subsequent  aiiquots. 
The  lavage  ITuid  is  cultured,  and  appropriate 
cytologic  examinations  are  carried  out.  The  efficacy 
of  this  technique  in  the  diagnosis  of  pulmonary 
infections  in  immunocompromised  patients  is  well- 
established. '^-2-^  Other  uses  for  BAL  include  aiding 
the  diagnosis  of  pulmonary  aspiration  or  pulmonary 
hemosiderosis.  Large-volume  lavage  has  been  used 
in  the  treatment  of  pulmonary  alveolar  proteinosis.--* 
After  the  examination,  the  patient  is  monitored  until 
he  or  she  is  awake  and  is  tolerating  oral  intake 
(usually  only  1  to  2  hours  when  intravenous 
meperidine  is  used  as  the  sedative  agent). 

Care  and  Cleaning  of  Flexible  Bronchoscopes 

Flexible  bronchoscopes  are  relatively  fragile 
instruments,  but  when  used  with  care  they  will  last 
for  years  without  repairs.  To  avoid  damaging  the 
fiberoptic  bundles  in  the  bronchoscope,  the  insertion 
tube  and  light  guide  should  not  be  kinked,  forced 
into  a  small  radius  of  curvature,  or  crushed.  Impact 
with  a  hard  surface  may  break  the  lenses  in  the 
in.sertion  tube.  Using  the  bronchoscope  as  a  guide 
for  intubation  can  be  particularly  hard  on  the 
instrument  and  should  be  done  with  great  care. 

Flexible  bronchoscopes  are  best  stored  with  the 
insertion  tube  hanging  vertically.  If  the  insertion 
tube  is  curved  during  storage,  it  will  eventually  tend 
to  curve  to  one  side  during  use. 

Most  currently  marketed  bronchoscopes  are 
immersible,  but  many  nonimmcrsible  broncho- 
scopes are  still  in  use.  Disinfection  of  the  outside 
of  the  older,  nonimmcrsible  instruments  requires 


ethylene  oxide  sterilization;  therefore,  immersible 
bronchoscopes  are  preferred.  The  details  of  cleaning 
and  disinfection  will  vary,  depending  upon  the 
instrument.  Only  some  general  principles  will  be 
discussed  here. 

After  use,  the  bronchoscope  must  be  carefully 
cleaned  of  all  blood  and  secretions.  This  includes 
a  meticulous  cleaning  of  the  exterior  of  the 
bronchoscope  and  the  suction  channel.  After 
cleaning,  the  instrument  is  disinfected.  Currently, 
many  institutions  disinfect  by  immersion  in  2% 
glutaraldehyde  for  20  minutes.  Subsequently,  the 
bronchoscope  is  rinsed  in  sterile  water  and  carefully 
air-dried  before  storage.  Because  microorganisms 
can  grow  in  a  moist  environment,  the  suction 
channel  of  the  bronchoscope  must  be  carefully  dried. 
Rinsing  the  suction  channel  with  70%  alcohol 
facilitates  drying.  Flexible  bronchoscopes  may  be 
gas  sterilized,  but  immersible  bronchoscopes  must 
be  properly  vented  before  gas  sterilization. 
Autoclaving  at  high  temperatures  melts  FBSs. 

Infection  control  in  the  endoscopy  suite  is  of  great 
importance.  Detailed  guidelines  published  else- 
where--'' cover  care  of  equipment,  the  environment, 
and  the  protection  of  personnel.  Transmission  of 
infection  between  patients  by  an  inadequately 
disinfected  bronchoscope  has  been  documented.-^ 
Transmission  of  infection  from  a  patient  to  the 
endoscopy  staff  is  also  possible,  and  appropriate 
precautions  should  be  taken. 

Risks  and  Complications 

The  complications  of  flexible  bronchoscopy  in 
a  series  of  over  1,000  procedures  have  been 
described  by  Wood."  Other  authors  have  confimied 
the  low  incidence  of  complications  in  smaller  series 
of  procedures.-''-'*  One  death  following  flexible 
bronchoscopy,  in  a  patient  with  signiflcant  lung 
disease  and  pulmonary  hypertension,  has  been 
reported.^^The  incidence  of  complications  in  several 
series  is  summarized  in  Table  3. 

Informed  consent  must  be  obtained  before  flexible 
bronchoscopy  is  performed.  Obtaining  consent 
includes  discussing  with  the  patient  and  guardian 
the  risks  of  the  procedure,  which  vary  depending 
upon  the  patient:  however,  three  possible  risks 
should  be  discussed  in  all  cases.  First,  a  small  chance 
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Table  3.  Complications  of  Flexible  Fiberoptic  Bronchoscopy 

in  Pediatric  Patients 

Series                                                                  Wood" 

Green* 

Fitzpatrick-' 

Fan-* 

Nussbaum^' 

TOTALS 

Number  of  procedures                                           1 ,095 
Total  number  of  complications                                  32 

415 
19 

129 

3 

104 
3 

96 

8 

1.839 
65 

Major  Complications 

Lung  abscess 

1 

— 

Pneumothorax 

2 

I 

Laryngospasm 

1 

1 

Respiratory  depression  from  sedation 

— 

3 

Minor  Complications 

Transient  bradycardia 

13 

— 

Transient  laryngospasm 

2 

— 

Epistaxis 

8 

8 

Hemoptysis  (s  10  mL) 

— 

— 

Anesthetic  complications 

5 

— 

Transient  stridor 

— 

— 

Atelectasis 

— ^ 

1 

Transient  cyanosis 

— 

4 

Scant  bleeding  from  granulation 

tissue 

— 

1 

56 


*Unpublished  observations. 


of  epistaxis  exists  (usually  only  a  few  drops  of  blood 
are  lost).  Second,  adverse  or  allergic  reactions  are 
possible  due  to  topical  anesthesia  or  sedation. 
Finally,  hypoventilation  may  occur  due  to  sedation 
and/or  airway  obstruction  by  the  bronchoscope.  In 
an  older  patient  undergoing  transbronchial  biopsy, 
hemoptysis  and  pneumothorax  are  also  risks. 

Flexible  versus  Rigid  Bronchoscopy 

Anyone  involved  with  flexible  bronchoscopy 
should  have  some  knowledge  of  rigid  bronchoscopy. 
The  two  approaches  complement  each  other.  In 
some  circumstances,  one  approach  is  clearly 
superior;  whereas,  in  other  cases  either  approach 
can  be  used.  Occasionally,  both  instruments  are 
utilized  during  an  examination.-"  A  recent  review^^ 
compares  the  two  approaches  in  great  detail. 

Patients  usually  breathe  around  the  FBS. 
Although  oxygen  can  be  delivered  through  the 
suction  channel  of  the  instrument,  this  does  not 
assure  adequate  ventilation.  Nutman  et  al''''  have 
described  a  system  that  allows  ventilation  of  small 


infants  through  the  1 .2-mrn  suction  channel  of  the 
pediatric  FBS.  Currently,  the  use  of  this  system  is 
not  widespread,  and  in  my  experience  such  a  system 
is  rarely  needed. 

Instrumentation  for  the  3.5-mm  FBS  is  limited 
to  an  unprotected  brush,  although  a  laser  fiber  has 
been  used  through  the  suction  channel.''*  Develop- 
ment of  a  protected  brush  and  a  biopsy  forceps  for 
this  instrument  is  under  way  (RE  Wood,  personal 
communication,  1990).  Several  forceps,  baskets, 
biopsy  needles,  and  laser  fibers  are  available  for 
use  with  aduh  FBSs. 

The  rigid  bronchoscope  is  a  hollow,  stainless- 
steel  tube  that  is  passed  into  the  lower  airway  and, 
with  proper  positioning  of  the  patient,  may  be 
advanced  into  either  main-stem  bronchus.  The 
smalle.st  rigid  bronchoscope  has  a  4.0-mm  OD  with 
a  2.5-mm  internal  diameter  (ID).  Larger  instruments 
are  available  in  0.5-mm-ID  increments.  Rigid 
bronchoscopes  are  referred  to  by  their  ID,  whereas 
FBSs  are  measured  by  their  outside  diameters. 
During  rigid  bronchoscopy,  the  patient  is  under 
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general  anesthesia,  and  ventilation  can  be  controlled 
by  the  anesthesiologist  through  the  bronchoscope. 
Portions  of  many  procedures  are  carried  out  under 
apneic  conditions  because  large  forceps  or 
telescopes  may  obstruct  the  lumen  of  the  broncho- 
scope and,  therefore,  preclude  ventilation.  A  variety 
of  forceps,  scissors,  suction  apparatus,  and  spatulas, 
are  available  for  use  during  endoscopic  surgery  and 
foreign  body  removal. 

The  optics  of  FBSs  have  steadily  improved,  and 
image  quality  is  excellent.  Imaging  through  the  rigid 
bronchoscope  alone  is  similar  to  looking  through 
a  small  pipe.  However,  the  glass-rod  telescopes  used 
with  rigid  bronchoscopes  provide  superb  images 
unmatched  by  any  fiberoptic  system. 

In  contrast  to  flexible  bronchoscopy,  which  can 
be  performed  with  topical  anesthesia  of  the  airways 
and  sedation,  rigid  bronchoscopy  requires  general 
anesthesia.  Thus,  rigid  bronchoscopy  usually 
involves  admission  to  the  hospital  on  a  day-care 
basis,  whereas  flexible  bronchoscopy  can  be  carried 
out  on  an  outpatient  basis.  The  cost  of  a  flexible 
bronchoscopy  procedure  in  our  institution  is  about 
one  third  the  cost  of  rigid  bronchoscopy.  This 
difference  is  due  to  operating  room  and  recovery 
room  charges  and  anesthesiology  fees. 

Critically  ill  patients  on  ventilators  can  undergo 
diagnostic  flexible  bronchoscopy  in  the  intensive 
care  unit.  With  the  available  2.2-mm  FBS.  even 
neonates  with  2.5-mm-ID  endotracheal  tubes  can 
be  examined.  Rigid  bronchoscopy  usually  requires 
moving  the  patient  to  the  operating  room,  where 
he  or  she  is  extubated,  intubated  with  the  rigid 
bronchoscope,  and,  after  the  examination,  reintu- 
bated  with  an  endotracheal  tube.  Therefore,  flexible 
bronchoscopy  is  preferable  to  rigid  bronchoscopy 
in  most  critically  ill  pediatric  patients.  When  patients 
require  a  wider  range  of  instrumentation  than  is 
possible  with  the  FBS,  a  rigid  bronchoscopy  is 
indicated. 

In  certain  clinical  situations,  flexible  bronchos- 
copy is  superior  to  rigid  bronchoscopy;  whereas  with 
other  problems,  rigid  bronchoscopy  is  indicated. 
Examination  of  the  nasal  and  pharyngeal  airways 
is  easily  carried  out  with  the  FBS;  whereas  the  rigid 
bronchoscope  is  not  used  to  examine  these  areas. 
Flexible  endoscopy  is  usually  the  preferred  approach 
for  upper-airway  diagnostic  examinations.  Rigid 
endo.scopic  equipment  is  available  for  laryngoscopy 


and  endoscopic  sinus  surgery — examinations  that 
involve  general  anesthesia. 

Patients  with  some  types  of  abnormal  airways 
(Table  4)  can  only  be  examined  by  flexible 
bronchoscopy.  For  example,  micrognathia  may 
preclude  access  to  the  airway  with  the  rigid 
bronchoscope,  but  flexible  bronchoscopy  in  such 
cases  should  be  uncomplicated. 

Table  4.  Clinical  Situations  in  which  Flexible  Bronchoscopy 
May  Be  the  Only  Approach  to  Airway  Endoscopy 

Micrognathia 
Facial  bums 
Unstable  cervical  spine 
Macroglossia 
Cystic  hygroma 
Severe  kyphoscoliosis 
Mandibular  fractures 


Flexible  bronchoscopy  excels  for  the  examination 
of  distal  bronchi.  During  rigid  endoscopy,  exam- 
ination can  be  carried  only  to  the  segmental  level 
(or  higher).  In  flexible  bronchoscopy,  examination 
of  the  segmental  anatomy  is  routine  and.  in  many 
cases,  examination  of  more  distal  airways  is  easily 
accomplished.  The  depth  achieved  with  the  FBS 
depends  upon  the  size  of  the  bronchoscope,  the  size 
of  the  patient,  and  the  area  of  the  lung  being 
examined.  Because  of  limitations  to  the  flexion  of 
the  distal  tip  of  the  bronchoscope  and  the  radius 
of  curvature  near  the  tip,  examination  of  the  upper 
lobes  in  children  is  more  limited  in  extent  than  is 
examination  of  the  lingula,  middle  lobe,  or  lower 
lobes. 

Airway  dynamics,  the  movements  of  the  airway 
during  the  respiratory  cycle,  can  be  optimally 
evaluated  with  the  FBS.  The  FBS  does  not  distort 
the  airway  anatomy,  and  the  patient  breathes 
spontaneously  during  the  examination.  In  rigid 
endoscopy,  the  airway  is  held  open  and.  in  many 
cases,  ventilation  is  controlled  by  the  anesthesiol- 
ogist. Laryngomalacia.  tracheomalacia,  and  pharyn- 
geal collapse  or  narrowing  are  examples  of  lesions 
with  important  dynamic  findings  that  are  best 
evaluated  by  flexible  bronchoscopy. 

There  are  several  types  of  problems  that  arc  best 
treated  or  evaluated  using  rigid  bronchoscopy.  In 
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cases  of  suspected  epiglottitis,  the  rigid  broncho- 
scope should  be  used  to  establish  an  airway  and 
to  maintain  ventilation  before  placement  of  an 
endotracheal  tube.  The  FBS  does  not  allow  the 
endoscopist  to  lift  or  displace  the  swollen  epiglottis 
and  cannot  be  used  to  ventilate  small  children.  In 
cases  of  massive  hemoptysis,  the  suction  capabilities 
and  the  ability  to  provide  ventilation  make  the  rigid 
bronchoscope  superior  to  the  FBS.  The  ability  to 
maintain  ventilation  and  the  range  of  forceps 
available  make  rigid  bronchoscopy  safer  and  more 
desirable  for  the  removal  of  intrabronchial  foreign 
bodies.  Finally,  the  rigid  bronchoscope  is  superior 
for  airway  surgery,  such  as  the  removal  of 
granulation  tissue  from  proximal  airways.  Again, 
the  ability  to  control  ventilation  and  the  range  of 
instrumentation  available  are  advantages  of  the  rigid 
approach. 

In  the  only  published  comparison  of  flexible  and 
rigid  bronchoscopy  in  a  series  of  adults,^'' 
complications  were  higher  with  rigid  bronchoscopy 
than  with  flexible  bronchoscopy. 

Complications  of  bronchoscopy  are  unusual,  but 
precise  comparison  of  the  two  techniques  is  difficult 
for  several  reasons.  First,  published  series  of  rigid 
bronchoscopies  often  do  not  include  anesthetic 
complications,^^  whereas  series  of  flexible  bronchos- 
copies do  include  anesthesia-related  problems." 
Secondly,  the  rigid  endoscopist  must  treat  patients 
with  massive  hemoptysis  or  acute  airway  obstruction 
from  epiglottitis  or  foreign  body  aspiration.  These 
conditions  make  the  rigid  procedure  more  risky  than 
most  flexible  bronchoscopies. 

Whether  to  examine  the  airway  by  flexible  or 
rigid  bronchoscopy  is  a  decision  that  depends  upon 
the  patient,  his  or  her  clinical  problem,  the 
equipment  available,  and  the  training  and  experience 
of  the  bronchoscopist.  In  some  cases,  one  approach 
is  clearly  superior,  whereas  in  other  cases  either 
approach  may  be  acceptable.  The  chosen  approach 
should  maximize  the  benefits  for  the  patient  while 
minimizing  the  risks. 

Clinical  Applications  of 
Flexible  Bronchoscopy  in  Neonates 

The  indications  and  efficacy  of  flexible  bronchos- 
copy in  infants  have  been  documented  by  several 
authors.-'*-''-''^-^'*   Cohn   et   al^**    have    shown    that 


flexible  bronchoscopy  is  relatively  safe  even  in 
infants  with  bronchopulmonary  dysplasia. 

The  indications  for  flexible  bronchoscopy  in 
neonates  are  similar  to  the  indications  in  children 
as  listed  in  Table  2.  Inspiratory  stridor  is  caused 
by  narrowing  of  extrathoracic  airways.  This  may 
be  due  to  laryngomalacia,  vocal  cord  paralysis, 
subglottic  stenosis,  or  a  subglottic  hemangioma. 
Monophonic  expiratory  wheezing  is  caused  by 
narrowing  of  intrathoracic  airways.  Common  causes 
include  tracheomalacia,  bronchomalacia,  airway 
stenosis  from  granulation  tissue,  and  airway 
compression  due  to  cardiovascular  structures. 
Polyphonic  wheezing  is  often  due  to  asthma.  More 
comprehensive  lists  of  causes  for  stridor  and 
wheezing  can  be  found  in  Tables  5  and  6.  Persistent 
atelectasis  may  occur  in  cases  of  bronchomalacia 
or  airway  stenosis,  but,  most  often,  mucus  plugging 
is  present  without  other  anatomic  problems.  In  these 
cases,  the  mucus  can  be  suctioned  away,  and  prompt 
resolution  of  the  atelectasis  usually  follows. 

The  diagnosis  of  persistent  pulmonary  infiltrates 
is  aided  by  the  technique  of  bronchoalveolar  lavage. 
Neonates  may  only  tolerate  a  few  milliliters  of 
lavage  tluid,  but  this  is  adequate  for  multiple  stains 
and  cultures.  In  addition  to  stains  and  cultures  for 
bacterial,  fungal,  and  viral  pathogens,  stains  for 
Pneumocystis  carinii  can   be   carried   out.^**  The 

Table  5.  Causes  of  Stridor  in  Pediatric  Patients 

Craniofacial  dysmorphology  (Pierre  Robin  syndrome, 
Treacher-Coliins  syndrome) 

Macrogiossia  (Wiedeman-Beckwith  syndrome, 
Down  syndrome) 

Laryngomalacia 

Congenital  or  acquired  subglottic  stenosis 

Laryngeal  webs 

Vocal  cord  paralysis 

Vascular  rings  and  slings 

Intrinsic  and  extrinsic  tumors  or  cysts 

Epiglottitis 

Croup 

Bacterial  tracheitis 

Foreign  bodies  in  the  airway  or  e.sophagus 

Laryngeal  papillomatosis 

Postintubation  edema 
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Table  6.  Causes  of  Wheezing  in  Pediatric  Patients 

Asthma 

Bninchiolilis 

Vascular  rings  and  slings 

Anomalous  innominate  artery 

Pulmonary  hypertension 

Congenital  heart  diseases 

Foreign  bodies  in  the  airway  or  esophagus 

Bronchial  stenosis  (congenital  or  acquired) 

Tracheomalacia  or  bronchomalacia 

Cystic  fibrosis 

Mediastinal  cysts  or  tumors 

Tuberculous  lymph  nodes 


diagnosis  of  pulmonary  hemorrhage  can  be  made 
by  examination  for  hemosiderin-laden  macro- 
phages.-"^ Finally,  lipid-laden  macrophages  have 
been  used  as  a  marker  for  aspiration  of  formula.-" 

Upper-airway  obstruction,  especially  when 
caused  by  pharyngeal  lesions,  may  present  without 
snoring  or  stridor  in  some  neonates.  The  site  of 
obstruction  in  such  patients  can  be  readily 
determined  by  flexible  endoscopy. 

The  FBS  is  a  valuable  aid  to  intubation  in  patients 
whose  larynx  cannot  be  visualized  by  standard  rigid 
laryngoscopy.  Examples  of  such  patients  include 
cases  of  severe  micrognathia  or  patients  with  cystic 
hygroma  of  the  pharynx.  The  technique  has  been 
described  elsewhere."*-"*-^ 

Summary 

Flexible  bronchoscopy  has  come  into  wide  use 
in  pediatrics  during  the  past  decade.  It  is  a  relatively 
safe  technique  that  can  often  be  performed  on  an 
outpatient  basis.  Flexible  bronchoscopy  is  a  valuable 
diagnostic  tool  and  can  be  helpful  therapeutically 
in  selected  cases.  Flexible  bronchoscopy  and  rigid 
bronchoscopy  should  be  viewed  as  complementary 
rather  than  competing  techniques.  The  next  decade 
should  bring  further  improvements  in  instrumen- 
tation and  an  even  wider  use  of  flexible  bronchos- 
copy in  infants  and  children. 
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Green  Discussion 

Stark:  Chris  (Green).  I  wonder  if  you 
could  expand  your  comments  a  little 
more  on  the  role  of  bronchoscopy  in 
newborn  infants  who  have  lobar 
atelectasis  or  have  difficulty  being 
extubated  for  upper-airway  reasons? 
I  can't  figure  out  whether  we  are 
underutili/ing  this  procedure  or  just 
'doing  fine'  by  using  it  only 
occasional!),. 

Green:  I  think  the  two  applications 
that  you  mentioned  are  two  of  the 
most  useful  for  this  technique  in  the 
neonatal  intensive  care  unit.  If  the 
child  with  atelectasis  is  not  in 
extremis,  is  treated  with  chest  phy- 
siotherapy, and  the  atelectasis 
resolves  with  no  further  problems, 
there's  no  reason  for  bronchoscopy. 
But,  for  the  infant  who  has  persistent 
atelectasis  that  doesn't  respond  to 
medical  therapy  of  some  kind,  flex- 
ible bronchoscopy  can  be  very 
helpful.  I  have  examined  many 
children  with  atelectasis  from  a  thick 
mucus  plug.  Using  the  flexible 
bronchoscope,  you  can  direct  the 
suction  exactly  to  the  plug  and  pull 
it  out.  If  you  use  a  blind  technique 
with  a  suction  catheter  through  an 
endotracheal  tube,  you  can't  direct  the 
suction.  Also,  you  have  the  Murphy 
hole  on  the  side  of  the  suction 
catheter,  so  you  can't  get  full  suction 
right  on  the  plug.  The  plug  has  to 
be  loose  to  be  removed  with  a  suction 
catheter.  So.  flexible  bronchoscopy 
can  be  useful  in  the  neonate  with 
persistent  atelectasis. 

Next  you  mentioned  the  patient 
who  can't  be  extubated.  In  our 
institution,  the  neonatologists  will 
first  attempt  extubation  a  couple  of 
times.  If  the  child  still  can't  be 
extubated,  some  anatomic  lesion  is 
probably  present  in  the  airway,  and, 
I  think  the  child  ought  to  be  examined. 
In  some  institutions,  the  otolar- 
yngologist examines  and  in  others  the 
pediatric  pulmonologist  examines. 
Regardless,  1  think  the  child  who  cant 


be  extubated  and  who  may  have  an 
airway    problem    ought    to    have    a 
careful  examination  of  the  airway. 
Carlo:  Do  you  use  something  else, 
like  the  x-ray,  in  cases  of  persistent 
atelectasis  in   which  you   suspect   a 
plug?  Or  do  you  just  do  bronchoscopy 
in  all  cases  of  persistent  atelectasis? 
Green:  I've  been  fooled  by  x-rays. 
I  don't  think  1  can  tell  with  certainty 
whether  a  child  has  a  mucus  plug  or 
not  from  the  the  chest  radiograph.  In 
our  nursery  (and  1  assume  your  policy 
is  similar),  the  nurses  are  encouraged 
not  to  suction  past  the  end  of  the 
endotracheal  (ET)  tube.  When  Bob 
Wood  was  in  Cleveland,  he  encour- 
aged limiting  suctioning  in  this  way 
to    decrease    mucosal    damage    and 
granulation  tissue  formation   in  the 
lower   airways;    the    incidence    of 
atelectasis  fell  after  suctioning  was 
limited.  Now  with  suctioning  only  the 
length  of  the  ET  tube.  I  rarely  get 
calls  from  the  nursery.  We  don't  have 
a    lot    of   problems    with   persistent 
atelectasis.    But,    to    answer   your 
question,    if  persistent    atelectasis 
occurs.  I  go  ahead  with  bronchoscopy. 
I  can't  tell  just  from  the  chest  film 
whether  a  mucus  plug  or  some  other 
problem  has  led  to  atelectasis. 
Orenstein:  As  a  follow-up  to  that, 
Chris  do  you  think  that  there  is  any 
truth  to  the  saying  that  air  broncho- 
grams  in  an  almost-whited-out  lobe 
or  lung  speak  of  a  more  widespread 
problem    than    one    discrete    mucus 
plug — whereas,   if  you   see   a   total 
white-out,  there's  more  likely  to  be 
a   proximal    mucus   plug?    In   other 
words,  the  air  bronchogram  is  a  poor 
prognostic  indicator. 
(Jreen:    Well,    if   you    see    an    air 
bronchogram,  it's  very  clear  that  you 
probably  don't  have  a  proximal  mucus 
plug.    But.    we've    examined    some 
patients  with  persistent  atelectasis,  in 
whom  we  did  not  see  a  proximal  mucus 
plug  or  other  anatomic  problems  that 
would  predispose  to  atelectasis.  Small- 
volume  lavage  returned  soine  .small 
peripheral    plugs.    The    atelectasis 


subsequently  resolved.  Again.  1  don't 
think  the  chest  radiograph  tells  you 
whether  bronchoscopy  will  help  or  not. 
I  don't  advocate  bronchoscopy  for 
every  child  who  has  atelectasis.  I  do 
believe  that  appropriate  medical 
therapy  should  be  tried  first. 
Pierson:  Just  to  follow  up  on  Dave 
Orenstein's  question — at  least  in 
adults,  that  issue  of  the  air  broncho- 
gram comes  largely  from  a  study  by 
Marini  in  1979'  in  which  from  the 
standpoint  of  clinical  outcome,  adult 
patients  with  acute  lobar  atelectasis 
and  a  branching  air  bronchogram 
seldom  improved  no  matter  what  you 
did — and  going  in  with  the  broncho- 
scope made  no  difference  at  all.  My 
own  experience  is  the  same,  even  in 
patients  without  air  bronchograms.  in 
whom  I  assume  there  is  mucus 
plugging.  This  may  be  one  area  in 
which  the  adult  atelectatic  lobe  is 
different  from  that  of  the  neonate.  In 
my  experience,  if  I  were  blinded  to 
the  x-ray,  I  doubt  that  I  would  be  able 
to  tell  which  lobe  had  collapsed,  and 
1  have  seldom  seen  that  elusive 
'mucus  plug'  even  when  it  ought  to 
have  been  there. 

1.  Marini  JJ.  Pierson  DJ.  Hudson  LD. 
Acute  lobar  atelectasis:  A  prospective 
comparison  of  fiberoptic  bronchos- 
copy and  respiratory  therapy.  Am  Rev 
RespirDis  1979:119:971-978. 

Chatburn:  A  few  years  ago  at 
Rainbow  Babies  &  Childrens  Hos- 
pital, we  developed  a  technique  that 
we  called  low-frequency  oscillatory 
ventilation  through  the  suction 
channel  of  a  flexible  bronchoscope.' 
We  found  that  with  this  technique  we 
could  ventilate  paralyzed  rabbits 
indefinitely  even  when  the  broncho- 
scope totally  occluded  the  ET  tube. 
My  question  is.  How  often  in  your 
practice  do  you  get  into  a  situation 
where  there  is  either  total  occlusion 
of  the  ET  tube  with  the  scope  or  some 
ether   situation    that    would    cause 
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hypoventilation  problems?  And.  what 
do  you  do  in  that  situation? 

1.  Nutnian  J.  Carlo  WA,  Chatbum  RL. 
Low  frequency  oscillatory  ventilation 
through  the  suction  channel  of  a 
pediatric  bronchoscope.  Ann  Olol 
Rhinol  Laryngol  1989:98(4.  Pari 
l):25l-255. 

Green:  In  brief,  I  perform  brief 
examinations.  In  the  NICU.  we  have 
a  2.7-nim-diameter  ultrathin  flexible 
bronchoscope  and  have  acquired  in 
the  last  month  or  so  a  2.2-mm  flexible 
bronchoscope  that  has  distal  flexion, 
but  neither  of  these  units  has  suction 
capability.  You  can  pass  these  instru- 
ments through  small  tracheostomy  or 
endotracheal  tubes  and  examine  the 
lower  airway.  In  the  neonate,  though, 
almost  the  whole  tube  is  occluded  by 
the  bronchoscope.  I  make  sure  the 
child  is  well-oxygenated,  pass  quickly 
down  the  tube,  and  limit  my  exam- 
ination to  about  30  seconds.  I  have 
read  the  paper  describing  the  tech- 
nique that  you  developed.  It  is  an 
interesting  technique.  As  far  as  Tm 
aware,  that  technique  has  not  been 
used  outside  of  Cleveland.  Because 
I  am  not  doing  surgery  in  the  airway, 
I  can  usually  perform  the  diagnostic 
exam  I  need  in  30-45  seconds; 
therefore,  I  haven't  pushed  to  develop 
alternative  techniques.  If  you  need  to 
perform  a  prolonged  procedure,  then 
the  technique  you  described  could 
work  very  nicely. 

Fanaroff:  To  give  you  some  more 
historical  perspective.  Bob  Wood  was 
a  tremendous  zealot.  In  fact,  when  he 
got  his  first  bronchoscope  he  used  to 
arrive  before  the  neonatologist.  He 
was  slowed  down  considerably  when 
someone  in  central  service  boiled  his 
flexible  scope.  He  had  to  wait  a  long 
time  until  the  next  one  came  from 
Japan.  I  think  the  important  lesson 
that  we  learned  from  the  flexible 
scope — and  I  would  like  to  emphasize 
this — is   that   suctioning   is   actually 


doing  bad  things  to  the  baby  rather 
than  good  things,  particularly  with 
catheters  going  well  beyond  the  end 
of  the  ET  tube.  Bob  clearly  showed 
that  what  we  were  doing  was  biop- 
sying the  airway  rather  than  clearing 
it.  That  changed  practice — it  sounds 
as  if  it  has  changed  practice  across 
the  country — and  I  think  that's  a  good 
thing!  I  think  we  should  all  question 
the  way  we  suction  babies.  When  we 
look  at  the  inadvertent  extubations  in 
the  unit,  a  high  proportion  of  them 
relate  to  suctioning  (personal  expe- 
rience. Rainbow  Babies  &  Childrens 
Hospital,  QA  analysis).  I'm  not  sure 
how  much  good  we  do  with  suc- 
tioning. You  mentioned  using  the 
scope  for  diagnosis  of  anatomic 
problems.  My  impression  has  been 
that  the  MRI  (magnetic  resonance 
imaging)  and  the  CT  (computed 
tomography)  scans  are  really  spectac- 
ular in  the  newborn.  Do  you  have  a 
feel  for  what  lesions  you  can  better 
visualize  with  the  bronchoscope  than 
with  these  radiologic  techniques? 
Green:  I  don't  really  have  any 
experience  with  MRI  and  the  lungs 
in  children,  with  the  exception  of  one 
child  who  was  extremely  ill  with 
cardiomyopathy,  in  whom  we  were 
able  to  demonstrate  compression  of 
the  left-lower-lobe  bronchus.  We 
believed  this  child  to  be  in  such  poor 
condition  that  she  wouldn't  have 
tolerated  sedation  for  bronchoscopy. 
That's  the  limit  of  my  experience. 

CT  has  certainly  been  shown  to  be 
an  excellent  measure  of  bronchiec- 
tasis: therefore,  bronchograms  have 
almost  disappeared  in  many  parts  of 
the  country.  If  you  are  able  to  keep 
a  child  very  still  (and  some  of  these 
units  have  gating  for  the  respiratory 
cycle)  you  can  get  an  idea  of  static 
findings  in  the  airway.  But,  you  can't 
get  the  kind  of  dynamic  information 
from  inspiration  and  expiration  with 
CT,  and  I  think  not  from  MRI,  that 
you  can  with  flexible  bronchoscopy. 
For  instance,  I  think  you  have  to  be 


either  very  good  or  very  lucky  to 
demonstrate  bronchomalacia  or  tra- 
cheomalacia on  the  CT.  but  it's  easy 
to  see  with  a  flexible  bronchoscope. 

MRI  with  sedation  runs  close  to 
$1,000.  Flexible  bronchoscopy  is  less 
expensive — about  $700.  Children  at 
our  institution  have  to  be  fairly 
heavily  sedated  for  MRI,  and  these 
scans  take  a  lot  of  time.  We  should 
consider  the  expertise  in  our  institu- 
tions and  decide  for  each  patient 
what's  best.  You  (Fanaroff)  had 
another  question  before  that — relating 
to  suction? 

Fanaroff:  It  was  just  a  generic 
question  on  reexamining  suctioning 
practice. 

Carlo:  You  have  to  be  careful  when 
interpreting  the  results  or  data  from 
upper-airway  dynamics  because, 
when  you're  obstructing  the  bron- 
chus, you're  likely  to  meet  very  high 
resistance.  How  do  you  evaluate  that? 
The  other  thing  is  that  you're  also 
anesthetizing  the  upper  airway — 
which  might  also  cause  dysfunction 
of  the  upper-airway  muscles. 
Green:  I  think,  for  exactly  that 
reason,  that  the  findings  of  bronchos- 
copy have  to  be  interpreted  in  the 
clinical  context  of  the  patient.  Take 
patients  with  no  symptoms  of  upper- 
airway  obstruction  at  all,  give  them 
enough  sedation,  and  they  exhibit 
upper-airway  obstruction  during 
bronchoscopy.  I  don't  think  sedation- 
induced  findings  are  usually  clinically 
relevant.  I  have  to  use  my  judgment, 
in  the  context  of  each  patient,  to 
decide  how  relevant  such  findings  are. 
Similar  problems  occur  with  rigid 
bronchoscopy.  The  airway  is  held 
open  with  the  rigid  bronchoscope  or 
laryngoscope,  the  child  is  under 
general  anesthesia,  sometimes  spon- 
taneously ventilating,  and  at  other 
times  ventilated  by  the  anesthesiol- 
ogist. These  interventions  also  affect 
airway  dynamics — so,  there  are 
always  these  judgments  that  come 
into  play.  Your  point  is  a  good  one. 
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Dynamic  airway  movements  can  be 
exaggerated  during  tlexihle  bronchos- 
copy. Proper  interpretation  requires 
experience  and  good  judgment. 

O'Rourke:  I  would  just  like  to  add 
a  few  words  of  caution.  One  relates 
to  the  issue  of  sedation.  It  behooves 
all  of  us  to  look  very  critically  at  those 
doing  flexible  bronchoscopy  because 
some  are  delivering  general  anesthesia 
in  a  very  uncontrolled  environment 
and,  in  fact,  losing  protective  airway 
reflexes.  In  the  anxious  child,  there  is 
a  very  .small  margin  of  error  between 
safe  sedation  and  uncontrolled  over- 
sedation.  The  second  caution  I  would 
add  is  that,  although  flexible  bronchos- 
copy is  better  for  bronchoalveolar 
lavage  (BAD  than  rigid  bronchoscopy, 
the  window  for  safe  flexible  BAL  is 
limited.  Unfortunately,  there  are  many 
times  when  we  are  asked  to  do  flexible- 
bronchoscopy  BAL  in  a  child  who  is 
on  100%-oxygen  via  face  mask  and 


who  has  oxygen  saturations  in  the  80% 
range.  In  these  situations,  the  child 
should  be  taken  to  the  operating  room 
where  BAL  can  be  done  through  a 
protected  airway  (endotracheal  tube  or 
rigid  bronchoscopy). 

Green:  In  adult  medicine,  many 
flexible  bronchoscopies  with  BAL  are 
done  much  earlier  in  the  lung  disease. 
At  our  institution,  we  see  some  very 
ill  children  in  whom  we  simply  can't 
accomplish  the  lavage  at  the  bedside 
in  the  ICU.  The  child  is  too  sick,  and 
it"s  not  a  safe  procedure.  For  example, 
the  child  on  80-100%  oxygen  and  a 
small  endotracheal  tube  cannot  be 
safely  extubated  for  BAL. 

In  regard  to  your  (O'Rourke)  first 
comment  on  sedation.  I'd  like  to  elicit 
a  further  comment  from  you  or  anyone 
else  in  the  group.  1  don't  think  there 
is  an  ideal  pediatric  sedative.  1  feel  that 
I'm  pretty  successful  at  sedating  these 
kids  adequately  and  not  getting  into 


trouble  with  it.  Sedation  is  certainly 
more  difficult  in  the  child  who  has  had 
many  other  procedures  and  requires 
more  sedation.  You  can  get  into  a 
problem  with  hypoventilation  in 
heavily  sedated  children.  How  do  you 
deal  with  that  in  your  institution? 
O'Rourke:  I  think  what  has  worked 
best  have  been  the  short-acting  ben- 
zodiazepines. Getting  away  from 
narcotics  as  the  primary  drug  has 
helped.  A  number  of  people  still  use 
barbiturates  or  ketamine — not 
knowing  who  is  using  them  or  how 
much  they  are  using  is  worrisome.  The 
concern  with  short-acting  barbiturates 
such  as  Brevital  (methohexital  sodium) 
is  that  an  inadvertent  overdosage 
would  result  in  hypoventilation  or 
apnea  plus  loss  of  airway  reflexes.  That 
short  answer  to  your  questions  is  short- 
acting  benzodiazepines. 
Green:  I  agree  with  your  comments! 
Tliese  drugs  are  potentially  dangerous, 
so  we  have  to  use  them  carefully. 
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Principles  and  Practice  of  Neonatal  and 
Pediatric  Mechanical  Ventilation 


Robert  L  Chat  bum  RRT 


Intruduction 

To  safely  and  et't'ectively  provide  mechanical 
ventilation  for  infants  and  children  one  must  have 
( 1 )  an  understanding  of  the  physiologic  effects  of 
mechanical  ventilation  in  terms  of  both  gas  ex- 
change and  pulmonary  mechanics;  (2)  a  working 
knowledge  of  ventilator  design  and  operation;  (3) 
an  appreciation  of  the  particular  disease  processes 
leading  to  the  need  for  mechanical  ventilation,  and 
(4)  experience,  because  infant  and  pediatric  ventila- 
tion is  as  much  art  as  science.  In  this  paper  I  first 
review  some  of  the  major  physiologic  effects  of 
mechanical  ventilation.  Next,  I  describe  the  funda- 
mentals of  ventilatory  mechanics  that  provide  the 
essential  framework  for  understanding  the  patient- 
ventilator  system.  This  conceptual  framework  is 
necessary  for  understanding  ventilator  design  and 
operation.  It  is  a  systems  analysis  approach  that  fa- 
cilitates the  comparison  of  mechanical  ventilators 
and  modes  of  ventilation. 


Physiologic  Effects  of  Mechanical  Ventilation 

There  are  many  ways  to  describe  the  indications 
and  contraindications  for  mechanical  ventilation. 
Harris'  has  presented  the  good  and  bad  effects  of 
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assisted  ventilation  in  a  particularly  instructive 
fonn:  a  set  of  goals,  each  with  a  corresponding 
complication  to  avoid  (Table  1).  A  complete  de- 
scription of  the  complications  of  mechanical  ven- 
tilation are  beyond  the  scope  of  this  discussion. 
However,  I  would  like  to  briefly  review  the  goals 
of  ventilation  in  terms  of  how  ventilator  variables 
are  managed  clinically. 


Table  1 .  Goals  and  Complications  of  Assisted  Ventilation  in 
Infants  and  Children* 


Goals  To  Achieve 


Complications  To  Avoid 


Improved  alveolar  ventilation 
and  maintainence  of 
normal  Paco; 


Reduced  V/Q  mismatch  and 
maintainence  of  normal 
P.iO,  or  S^o: 


Reduced  work  of  breathing  and 
elimination  of  respiratory 
muscle  fatigue 


Re-expanded  atelectatic  or 
collapsed  lung  segments 


Hyperventilation  and  poor 
perfusion  of  the  brain 

Alveolar  overdistention/air 
leaks 

Oxygen  toxicity  to  lungs 

(eg,  BPD) 
Retinopathy  of  prematurity 

(ie.  RLF) 
Hypoxemia  causing  tissue 

damage 

Suppressed  ventilatory 

drive 
Increased  upper  airway 

resistance 

Hyperinflation  or  over- 
expansion  of  normal  areas 
of  the  lungs 
Pulmonary  hypoperfusion 
Reduced  venous  return/ 
cardiac  output 


*Adapted,  with  permission,  from  Reference  1. 
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Abbreviations  Used  in  this  Paper 

ARDS 

—  Adult  respiratory  distress  syndrome 

BSA 

—  Body  surface  area 

C 

—  Conipliancc 

f 

—  Breathing  frequency 

Fio: 

—  Fractional  inspired  oxygen 

concentration 

FRC 

—  Functional  residual  capacity 

l:E 

—  Inspiratory-to-expiralory-tinie  ratio 

PaCO: 

—  Arterial  carbon  dioxide  tension 

PaCO; 

—  Alveolar  carbon  dioxide  tension 

PaK 

—  Alveolar  pressure 

PaO: 

—  Arterial  oxygen  tension 

PaO:/PAO; 

—  Arterial-alveolar  oxygen-tension  ratio 

Palm 

—  Atmospheric  pressure 

Paw 

—  Mean  airway  pressure 

Pbs 

—  Pressure  on  the  body  surface 

PCIRV 

—  Pressure-controlled  inverse-ratio 

ventilation 

PEEP 

—  Postive  end-expiratory  pressure 

PIE 

—  Pulmonary  interstitial  emphysema 

PIP 

—  Peak  inspiratory  pressure 

PlO: 

—  Inspired  oxygen  tension 

Pi 

—  Lung  pressure 

I  nius 

—  Ventilatory  muscle  pressure 

P,a 

—  Transairway  pressure 

Ptr 

—  Transrespiratory  pressure 

Pi, 

—  Transthoracic  pressure 

PH:0 

—  Water  vapor  pressure 

R 

—  Resistance 

RDS 

—  Respiratory  distress  syndrome 

1 

—  Time 

te 

—  Expiratory  time 

t, 

—  Inspiratory  time 

V 

—  Flow 

Va 

—  Alveolar  volume 

Va 

—  Alveolar  ventilation 

VCO: 

—  Carbon  dioxide  output 

Vu 

—  Dead-space  volume 

Vd/Vt 

—  Dead-spaee-to-tidal-volumc  ratio 

Vfe 

—  Expired  minute  ventilation 

Vl 

—  Lung  volume 

Vt 

—  Tidal  volume 

Maintenance  of  Alveolar  Ventilation 

Mechanical  ventilation  is  simply  an  attempt  to 
normaii/.c  the  patient's  vciuilation-pcrtusion  ratio. 


To  some  extent,  ventilator  manipulations  can  op- 
timize lung  perfusion,  but  the  main  goal  is  to  con- 
trol alveolar  minute  ventilation.  Indeed,  respiratory 
failure  is  defined"  in  terms  of  arterial  carbon  diox- 
ide tension  (PaCfx).  which  is  inversely  related  to  al- 
veolar ventilation  (  Va)  by  the  equation: 


"CO: 


[1] 


where  Vco:  is  carbon  dioxide  output.  Alveolar  ven- 
tilation, in  turn,  is  defined  (at  least  for  normal  ven- 
tilatory frequencies)  as: 

Va    =  (Vr-VD)f.  [2] 

where  Vt  is  tidal  volume,  Vd  is  dead-space  vol- 
ume, and  f  is  frequency.  Thus,  it  is  clear  that  PaCO: 
can  be  manipulated  by  controlling  the  Vt  and  f. 
This  model  can  be  used  as  the  basis  for  estimating 
appropriate  ventilator  settings. 

Dead-space  volume  is  affected  somewhat  by  the 
configuration  of  the  patient  circuit,  but  this  is  usu- 
ally a  secondary  consideration.  The  physiologic 
dead-space-to-tidal-volume  ratio  (VdA't)  is  nor- 
mally about  0.3.  but  it  is  usually  greater  than  0.6  in 
mechanically  ventilated  patients'  due,  perhaps,  to 
the  effect  of  elevated  airway  pressure  on  anatomic 
dead  space  and  the  ventilation-perfusion  ratio.  The 
VdA't  may  be  estimated  using  the  equation: 


Vt 


(At 
/'Ve 


■^aCO: 
40 


0..^.^. 


[3] 


where  oVe  is  actual  exhaled  minute  ventilation  and 
p\fe  is  the  exhaled  minute  ventilation  predicled  by 
using  estimated  Vt  and  f  from  the  Radford  nomo- 
gram (Fig.  1). 

Given  an  estimate  of  the  VdA't  and  a  desired 
PaCO:.  the  required  \fe  can  be  estimated  from  the 
graph  in  Figure  2.  Minute  ventilation  is  expressed 
in  terms  of  body  surface  area  because  pediatric  pa- 
tients have  such  a  wide  range  of  sizes.  Body  sur- 
face area  (BSA)  in  square  meters  can  be  estimated 
from  the  equations: 

For  infants  weighing  2. .'^-20.0  kg — 


BSA  = 


(3. 6 )( weight)  +  9 
100 
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Fig.  1.  The  Radford  nomogram  to  predict  tidal  volume 
based  upon  body  weight  and  breathing  frequency.  Tidal 
volume  should  be  corrected  for  fever:  add  5%  for  each 
°F  above  99  (rectal)  or  add  9%  for  each  C  above  37 
(rectal);  and  for  high  altitude:  add  5%  for  each  2,000  feet 
above  sea  level  or  add  8%  for  each  1 ,000  meters  above 
sea  level;  and  for  patients  not  in  a  coma:  add  10%. 
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Fig.  2.  Graph  relating  minute  ventilation  (Vt)  and  arlerial 
carbon  dioxide  tension  (PaC02)  for  different  values  of 
physiologic  dead  space  (Vd/Vt)  (assuming  atmospheric 
pressure  is  760  torr  [101  kPa],  body  temperature  is  37'C 
[310-K],  and  carbon  dioxide  output  is  112  mLmin  '-m^). 


BSA  = 


(2.5)tweight)  +  33 
100 


14al 


Multiplying  the  estimated  body  surface  area  (BSA) 
by  the  \fe  estimated  from  Figure  2  gives  the  M-,  that 
must  be  delivered  by  the  ventilator  to  achieve  the 
desired  PaCO:-'' 

It  is  interesting  to  note  that  the  above  mathemat- 
ical models  are  based  on  the  concept  that  the  lungs 
are  simply  a  flow-conducting  tube  (ie,  the  dead 
space)  connected  to  a  single  elastic  compartment 
(ie,  the  alveolar  volume  [Va]).  While  such  models 
provide  a  logical,  although  perhaps  oversimplified, 
approach  to  ventilator  management,  I  believe  that 
clinicians  seldom  use  them.  Rather,  they  use  a  'rule 
of  thumb'  such  as  10  mLA;g  for  selecting  an  initial 
tidal  volume,'  and  then  arbitrarily  select  a  fre- 
quency that,  from  experience,  they  believe  will  get 
thein  'in  the  ballpark'  for  PaCO:-  With  practice,  this 
approach  seems  to  work  quite  well,  and  it  is  cer- 
tainly quick.  Subsequent  adjustments  of  minute 
ventilation  to  alter  PaCO:  are  also  usually  made  ar- 
bitrarily on  the  basis  of  what  experience  suggests 
will  work.  There  is,  of  course,  a  inodel  based  on 
the  above  relations  that  can  also  be  used: 


n?. 


(OFjco2KO0(OVa) 


aC02     - 


[5] 


(«f)(«VA) 

where  n  refers  to  new  and  o  refers  to  old.  This 
model  may  be  simplified  if  the  tidal  volume  is  not 
changed: 


«R 


aCOi 


m 


[5al 


If  a  change  in  tidal  volume  is  desired,  alveolar  vol- 
ume can  be  estimated  by  using  the  equation: 


[6] 


in  which  the  estimated  VdA't  is  expressed  as  a 
decimal  rather  than  a  percentage. 


Maintenance  of  Oxygenation 

The  most  straightforward  control  of  oxygenation 
is  achieved  by  adjusting  the  oxygen  concentration 
of  inspired  gas.  However,  there  is  rarely  as  direct  a 
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relationship  between  fractional  inspired  oxygen 
concentration  (Fio.)  and  Pao-  as  there  is  between  Vp. 
and  PaCO:.  To  understand  the  chain  of  events,  we 
begin  with  the  calculation  for  the  partial  pressure  of 
inspired  oxygen  (Pio:): 


PlO:    -   F|0:(P:iini    -  Ph:0^' 


[7] 


where  Patm  is  atmospheric  pressure  and  Ph:0  is  wa- 
ter vapor  pressure.  This  calculation  shows  that 
some  of  the  inspired  oxygen  is  displaced  by  water 
vapor.  As  inspired  gas  travels  to  the  alveolar  region 
of  the  lungs,  some  of  the  oxygen  is  displaced  by 
carbon  dioxide.  The  partial  pressure  of  oxygen  in 
the  alveolus  (Pao:)  's  estimated  by  the  equation: 


the  PaO:.^  The  ventilation-perfusion  ratio  of  the 
lungs  is  affected  by  the  pattern  of  mechanical  ven- 
tilation. Mean  airway  pressure  (Paw)  is  a  useful  in- 
dex of  the  overall  effect  of  changes  in  ventilation 
variables  such  as  peak  and  end-expiratory  pressure 
and  the  ratio  of  inspiratory  to  expiratory  time  (I:E). 
In  general,  oxygenation  increases  as  Paw  increases 
up  to  the  point  at  which  the  lung  becomes  over- 
distended. 

PaO:  as  a  function  of  Fio:  and  ventilation  may  be 
estimated"  by  the  nomogram  illustrated  in  Figure  3. 
If  an  arterial  to  inixed-venous  oxygen-content  dif- 
ference of  5  niL/lOO  niL  is  assumed,  'virtual  shunt' 
may  be  estimated'  from  the  graph  shown  in  Figure 
4. 


rAOi 


noi 


J^aCOT 
0.8 


[8] 


It  is  evident  that  oxygenation  is  affected  by  both 
the  inspired  oxygen  concentration  and  the  level  of 
ventilation.  Unfortunately,  this  relationship  is  com- 
plicated by  any  diffusion-block  disorder  of  the  al- 
veolar-capillary membrane  and  by  the  lung's  over- 
all ventilation-perfusion  ratio.  The  overall  effect  of 
an  abnormal  ventilation-perfusion  ratio  is  to  lower 


Avoiding  Barotrauma 

Pulmonary  barotrauma  results  in  such  disorders 
as  pulmonary  interstitial  emphysema  (PIE),  pneu- 
mothorax, pneumomediastinum,  pneumoperiton- 
eum, and  subcutaneous  emphysema.**  Clinicians 
typically  think  of  high  peak  in.spiratory  pressure 
(PIP),  or  possibly  positive  end-expiratory  pressure 
(PEEP),  as  being  responsible  for  barotrauma.**"  Ac- 
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Fig.  3  Arterial-alveolar  oxygen- 
tension-ratio  (Pa02/PA02)  nomogram. 
If  the  old  (ie,  current)  PaC02.  F102, 
and  PaOs  are  known,  the  F102  re- 
quired for  a  desired  PaOs  can  be  es- 
timated by  assuming  that  Pa02/PA02 
remains  constant.  A  straighit  line  con- 
necting the  old  PaC02  and  old  F102 
will  intersect  the  old  Pao2-  Pa02/PA02 
is  represented  by  the  diagonal  line 
connecting  the  origin  of  the  graph 
(PaO2=0,  PaO2=0)  and  the  point  rep- 
resenting the  old  Pao?  and  old  Pa02. 
For  example,  a  Paco?  of  40  torr  [5.3 
kPa]  and  an  F102  of  0.40  result  in  a 
Pags  of  about  240  torr  [31 .9  kPa].  If 
the  measured  PaOs  is  50  torr  [6.7 
kPa],  Pa02/PA02  is  about  0.2.  If  one 
moves  along  this  diagonal  line  to  a 
point  above  the  desired  PaOj  (eg, 80 
torr  [10.6  kPa]),  a  horizontal  line  to 
the  left  of  this  point  intersects  the 
Pao2  line  at  400  torr  [53.2  kPaj.  A 
line  connecting  this  number  to  an  ex- 
pected PaC02  of  40  torr  indicates  that 
an  FiO;>  of  about  0.50  will  be  required. 
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Fig.  4.  Graph  relating  arterial  oxygen  tension  and  in- 
spired oxygen  concentration  for  different  values  of  virtual 
shunt  (assuming  arteriovenous  oxygen-content  differ- 
ence of  5  rnUdL).  The  shaded  lines  represent  hemo- 
globin concentration  range  of  10-14  g/dL  and  PaC02 
range  of  25-40  torr  [3.3-5.3  kPa]. 

tually.  this  is  something  of  a  misconception  fos- 
tered by  the  literal  meaning  of  the  word  barotrauma 
(ie,  pressure  injury).  Thibeault  and  Lang'"  define 
barotrauma  as  "any  response  of  the  lung  to  pres- 
sure or  force  that  results  in  pathologic  changes  in 
the  lungs."  The  response  of  the  lungs  to  an  applied 
pressure  is  expansion.  Thus,  it  is  volumetric  over- 
expansion  and  tearing  of  lung  tissue  that  is  re- 
sponsible for  barotrauma,  not  the  application  of 
pressure  per  se.  A  simple  analogy  makes  this  clear: 
Assume  that  a  child's  toy  balloon  will  burst  if  in- 
flated to  a  pressure  greater  than  100  cm  H:0.  If  this 
balloon  is  placed  inside  a  metal  container,  it  will 
not  burst  even  if  a  pressure  of  several  thousand 
centimeters  of  water  is  applied.  Similarly,  a  balloon 
with  thicker  walls  will  require  more  than  100  cm 
H2O  to  burst. 

Excessive  volumetric  expansion  is  prevented  in 
the  first  case  by  limiting  the  transmural  pressure 
difference  (ie.  the  wails  of  the  metal  container  push 
against  the  outside  of  the  balloon  with  the  same 
pressure  as  that  being  exerted  on  the  inside  of  the 
balloon).  This  assumption  has  been  verified  in  sev- 
eral animal  studies""  by  demonstrating  that  if  the 
chest  wall  is  bound,  preventing  overdistention  of 
the  alveoli,  then  even  high  airway  pressures  will 


not  cause  alveoli  to  rupture.  On  the  other  hand, 
high-volume  ventilation  using  a  negative-pressure 
iron-lung  ventilator,  with  no  applied  airway  pres- 
sure, does  result  in  lung  injury."  '^ 

In  the  second  case,  overexpansion  is  prevented 
by  decreasing  the  compliance  of  the  balloon  (ie,  in- 
creasing the  elastic  recoil  force  opposing  the  pres- 
sure inside  the  balloon).  Therefore,  it  is  too  sim- 
plistic to  think  of  airway  pressure  alone  (or  even 
transrespiratory  system  pressure)  as  being  re- 
sponsible for  barotrauma.  The  combined  effects  of 
transpulmonary  pressure  and  compliance  must  be 
considered  as  primary  factors.  It  is  not  just  a  matter 
of  high  pressure  or  large  tidal  volume,  but  whether 
overdistention  occurs  at  a  given  tidal  volume  and 
lung  compliance."  In  other  words,  a  given  tidal 
volume  may  be  innocuous  if  delivered  on  the  steep 
portion  of  the  lung's  volume-pressure  curve,  but 
may  be  detrimental  if  delivered  on  the  flattened 
portion  (eg,  by  elevating  PEEP). 

It  has  been  observed  that  barotrauma  occurs  in 
two  distinct  patterns:  PIE,  and  pneumomediastinum 
or  pneumothorax.  PIE  is  more  common  in  preterm 
than  in  full-term  infants.'""^  Air  leak  in  full-term  in- 
fants is  usually  in  the  form  of  pneumomediastinum 
or  pneumothorax.'"  The  consequences  are  different 
as  well.  A  pneumothorax  is  easily  treated  by  drain- 
age of  pleural  gas  and  rarely  results  in  chronic  lung 
damage,  whereas  diffuse  PIE  is  difficult  to  treat 
and  is  often  followed  by  chronic  pulmonary  in- 
sufficiency.'" These  clinical  observations,  sup- 
ported by  animal  studies,'^-"  lead  to  the  gener- 
alization that  "the  easily  expandable  lung  is  more 
prone  to  develop  a  pneumothorax  without  diffuse 
PIE,  and  the  surfactant-deficient  lung  is  more  likely 
to  develop  diffuse  PIE  without  a  pneumothorax. 
This  further  implies  that  surfactant,  not  gestational 
age  or  maturity,  is  the  critical  factor  in  determining 
which  of  the  two  types  of  air  leak  will  result."'" 
Furthermore,  in  surfactant-deficient  lungs,  the 
small  airways  are  the  site  of  initial  lung  damage; 
whereas  in  lungs  with  surfactant,  alveolar  rupture  is 
more  likely  to  occur.'"  Because  surfactant  de- 
ficiency is  a  factor  in  adult  respiratory  distress  syn- 
drome (ARDS)  as  well  as  in  infant  RDS,  it  is  rea- 
sonable to  expect  these  two  patterns  of  barotrauma 
to  be  evident  in  a  wide  range  of  pediatric  patients 
from  preterm  infants  to  adolescents. 
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Normal  Lung  Morphology 

To  understand  the  etiology  of  pulmonary  ba- 
rotrauma, it  is  instructive  to  review  the  morphology 
of  nomial  and  surfactant-deficient  lungs  and  their 
patterns  of  expansion  during  inspiration.  Figure  5 
illustrates  the  forces  acting  on  the  terminal  airways 
and  alveoli  of  a  normal  lung.  There  is  an  applied 
airway  pressure  of  12  cm  H:0  (1.2  kPa].  Because 
the  alveoli  and  small  airways  are  lined  with  sur- 
factant, their  opening  pressure  is  low,  and  the  ap- 
plied pressure  equilibrates  if  given  enough  time. 
The  airway  pressure  is  transmitted  to  the  terminal 
airways,  alveolar  duct  walls,  and  alveoli.  Pressure 
is  transmitted  among  alveoli  by  collateral  gas  flow 
through  the  pores  of  Kohn,  canals  of  Lambert,  and 
interbronchiolar  channels  of  Martin.-'  " 


OiapDrag 


Fig.  5.  Schematic  diagram  of  a  mature  alveolar  duct  and 
alveoli.  The  dotted  line  represents  surfactant.  Tw  is  the 
wall  tension  that  generates  recoil  pressure,  Pgw  is  airway 
pressure  (12  cm  H2O),  Palv  is  alveolar  pressure,  Ppl  is 
pleural  pressure,  and  ALV  is  alveoli.  (Adapted,  with  per- 
mission, from  Reference  10.) 


The  terminal  airways  expand  and  lengthen  as  the 
alveoli  expand,  but  not  because  of  the  airway  pres- 
sure acting  on  their  walls.  The  terminal  airways  are 
in  physical  contact  with  the  alveoli  (embedded  in 
the  elastic  network  of  the  alveolar  septa),  and  thus 


the  pressure  difference  across  their  walls  is  es- 
sentially zero.  The  traction  on  the  airways  is  caused 
by  the  pressure  difference  between  the  alveoli  and 
the  pleural  space,  and  varies  with  lung  volume  ac- 
cording to  the  pressure-volume  characteristics  of 
the  lung.  As  alveoli  expand  and  lung  volume  in- 
creases, traction  on  the  airways  by  the  septa  in- 
creases and  the  airways  dilate.  This  effect  is  known 
as  mechanical  interdependence.  It  is  a  stabilizing 
force  because  the  change  in  traction  opposes  the 
change  in  airway  size.  Thus,  for  example,  collapse 
of  an  airway  results  in  stretching  the  surrounding 
parenchyma."' 

It  has  been  shown  in  mature  animal  lungs  that  air 
leak  occurs  in  overdistended  alveoli.-^  For  air  leak 
to  occur,  there  must  either  be  a  large  pressure  gra- 
dient across  the  alveolar  wall  or  extreme  inter- 
cellular tension.  Yet  in  the  normal  lung,  alveolar 
pressures  are  equal  .so  that,  even  with  high  applied 
pressure,  intra-alveolar  walls  tend  not  to  rupture. 
However,  this  does  not  hold  true  for  areas  in  the 
lung  where  alveolar  walls  abut  pleura,  airways, 
connective  tissue  septa,  or  extra-alveolar  blood  ves- 
sels. Figure  6  illustrates  the  forces  in  these  areas. 
As  the  alveoli  expand  during  inflation,  stress  is 
generated  in  the  peribronchial  and  perivascular 
sheaths.  An  opposing  force  is  generated  by  the  air- 
way walls.  The  net  result  is  a  shear  stress  that,  if 
great  enough,  can  rupture  the  alveolar  wall.  Gas 
from  ruptured  alveoli  moves  preferentially  into  the 
low-pressure  perivascular  or  peribronchial  spaces, 
and  dissects  either  back  toward  the  hilum  or  out  to- 
ward the  pleura  to  eventually  create  a  pneu- 
momediastinum or  pneumothorax.'" 

Surfactant  Deficiency  and  Immaturity 

The  chain  of  events  leading  to  air  leak  in  sur- 
factant-deficient lungs  is  somewhat  different.  The 
small,  highly  compliant  bronchioles  and  transi- 
tional ducts  in  a  surfactant-deficient,  immature 
lung  are  the  most  likely  sites  of  tissue  damage  and 
rupture  during  inflation.'"  The  lack  of  surfactant 
leads  to  increased  surface-tension  forces.  This  re- 
sults in  atelectasis  and  the  pooling  of  liquid  in  sac- 
cules and  small  airways.  The  presence  of  an  air- 
liquid  interface  is  the  major  cause  of  difficulty  in 
reopening  airways  and  alveoli.-'  In  addition,  col- 
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Vein 


Fig.  6.  Schematic  diagram  of  the  lung  parenchyma  show- 
ing artery,  vein,  small  airway,  and  alveoli.  The  dotted 
lines  represent  separate  connective  tissue  sheaths 
around  the  airway,  artery,  and  vein.  Airway  pressure 
(Paw)  equals  alveolar  pressure  (Paiv).  Tw  is  wall  tension. 
Overdistended  alveoli  (at  left)  have  stretched  the  periair- 
way  sheath  past  its  elastic  limit  and  gas  is  shown  es- 
caping into  the  periairway  interstitial  space.  (Adapted, 
with  permission,  from  Reference  10.) 


lapsed  and  liquid-filled  saccules  provide  little  out- 
ward tension  on  the  small  airways,  and  as  a  result 
the  entire  lung  volume  is  low. 

Figure  7  illustrates  the  effect  of  an  applied  airway 
pressure  of  26  cm  H:0  [2.5  kPa].  It  has  been 
shown''  in  immature  rabbit  lungs  that  the  pressure 
required  to  overcome  the  surface-tension  forces 
and  to  push  back  the  liquid  front  is  about  25  cm 
HiO  [2.5  kPa].  If  the  pressure  is  applied  long 
enough,  the  liquid  front  may  move  outward  and  al- 
low the  alveoli  to  inflate.  If  this  occurs,  the  ter- 
minal lung  unit  will  look  more  like  Figure  5.  The 
terminal  airways  are  at  risk  of  becoming  over- 
distended  because  they  are  very  compliant  (es- 
pecially in  immature  lungs)  and  because  the  sac- 
cules and  alveoli  are  collapsed  and  provide  no 
counterbalancing  force.  In  the  immature  lung,  col- 
lateral flow  is  absent,'"  which  tends  to  prevent  ex- 
pansion of  collapsed  areas.  If  a  large  trans- 
pulmonary  pressure  is  applied  to  a  nonuniformly 


expanding  lung,  the  large  stresses  caused  by  lung 
interdependence  could  lead  to  hemorrhage  and  rup- 
ture.-" Pressures  as  high  as  60  cm  H:0  [5.9  kPa] 
may  be  required  to  open  some  atelectatic  areas." 


SAC 


Fig.  7.  A.  An  immature  distal  airway  at  end-expiration. 
The  saccules  (SAC)  and  ainways  contain  liquid  (shaded 
area),  and  the  periairway  saccules  are  collapsed.  B.  As 
inspiratory  pressure  rises,  the  distal  airway  is  over- 
extended and  the  liquid  front  is  pushed  backwards  before 
the  saccules  inflate.  Tw  is  wall  tension,  P^^  is  airway  pres- 
sure (in  cm  H2O),  and  p  is  opening  pressure  (in  cm  H2O) 
required  to  overcome  surface-tension  forces  and  to  push 
back  the  liquid  front.  (Modified,  with  permission,  from 
Reference  10.) 


Mechanics  of  Ventilation 

Like  gas  exchange,  pulmonary  mechanics  are  of- 
ten based  on  a  model  of  the  lungs  consisting  of  a 
single,  cylindrical  flow-conducting  tube  (repre- 
senting the  conducting  airways)  connected  to  a  sin- 
gle, spherical  elastic  compartment  (representing  the 
alveoli)  as  shown  in  Figure  8.  The  normal  lung  is 
considered  to  be  a  homogeneous  assembly  of  these 
units  with  pressure-volume  and  pressure-flow  char- 
acteristics derived  from  the  representative  unit.  Al- 
though such  a  model  must  be  modified  to  explain 
observations  (such  as  inhomogeneities  of  inflation, 
nonspherical  alveoli,  interaction  of  alveoli  with  the 
network  structure  of  the  parenchyma,''  and  the  ef- 
fects of  the  chest  wall),  it  provides  a  good  under- 
standing of  how  the  ventilator  '.sees'  the  load  im- 
posed by  the  patient's  respiratory  system.  Indeed, 
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Fig.  8.  A  single-compartment  model  of  the  lungs  con- 
sisting of  a  flow-resistive  element  connected  in  series 
with  a  compliant  element.  Pgw  is  airway  pressure,  Paiv  is 
alveolar  pressure,  Pbs  is  body  surface  (ie,  atmospheric) 
pressure,  Pta  is  transairway  pressure  (Pgw  -  Paiv),  Ptt  is 
transthoracic  pressure  (Paiv  -  Pbs)  and  Ptr  is  trans- 
respiratory  pressure  (Pgw  -  Pbs)-  Note  that  when  the  ven- 
tilator manometer  reads  P^^.  it  is  gauge  pressure  (ie,  rel- 
ative to  atmospheric  pressure)  and  thus  equivalent  to  Ptr. 


the  single-compartment  model  is  universally  u,sed 
by  ventilator  manufacturers  (and  manufacturers  of 
bedside  pulmonary-function-measuring  equipment) 
whose  devices  characterize  the  patient's  lung  me- 
chanics in  terms  of  compliance  and  resistance.  This 
model  is  particularly  useful  for  comparing  the  ef- 
fects of  pressure-  and  volume-controlled  modes  of 
ventilation. 


where  Pjr  =  airway  pressure  -  body  surface  pres- 
sure, Pii  =  alveolar  pressure  -  body  surface  pres- 
sure, and  Pt;,  =  airway  pressure  -  alveolar  pressure. 
The  pressure  required  to  cause  inspiration  may 
come  from  the  ventilatory  muscles  (Ppnis)-  die  ven- 
tilator (Ptr),  or  both; 


fnius    "•"   Mr     -    "l    +   Ma- 


[101 


Transrespiratory  pressure  is  the  difference  between 
airway  pressure  at  the  mouth  (or  endotracheal  tube) 
and  body  surface  pressure.  Because  ventilator  ma- 
nometers measure  gauge  pressure  (ie,  relative  to  at- 
mospheric pressure),  Ptr  in  Equation  10  is  equiv- 
alent to  the  'airway  pressure'  displayed  by  the 
ventilator.  Thus,  we  can  substitute  Paw  for  Ptr  with 
the  understanding  that  airway  pressure  is  measured 
relative  to  body-surface  pressure  (ie,  atmospheric 
pressure). 

For  a  single-compartment  model  of  pulmonary 
mechanics,  the  relations  between  pressure  and  vol- 
ume and  between  pressure  and  flow  are  assumed  to 
be  linear.  This  means  that  the  change  in  trans- 
respiratory  pressure  is  directly  proportional  to  the 
corresponding  change  in  lung  volume.  The  con- 
stant of  proportionality  is  the  slope  (AP/AV)  of  the 
pressure-volume  curve  (ie,  elastance),  although  its 
reciprocal  (ie,  compliance)  is  more  frequently  used. 
Also,  the  change  in  transairway  pressure  is  pro- 
portional to  the  change  in  flowrate  and  to  the  con- 
stant of  proportionality  (AP/AV),  ie,  resistance. 
Substituting  AP/AV  and  AP/AV  in  Equation  10 
yields  an  expression  that  is  often  called  the  equa- 
tion of  motion  of  the  respiratory  system: 


Mathematical  ModeLs  of  Ventilatory  Mechanics 

The  mathematical  derivation  of  the  single- 
compartment  model  of  the  lungs  has  been  ex- 
plained in  detail  el.sewhere.-"  Briefly,  the  trans- 
respiratory  pressure  (Ptr)  required  to  cause  inflation 
is  conceived  as  having  two  components.  One  is  the 
transthoracic  pressure  (Pn)  required  to  deliver  a  ti- 
dal volume  against  elastic  recoil  and  the  other  is 
the  transairway  pressure  (Pt;,)  required  to  overcome 
flow  resistance: 


For  inspiration- 


For  passive  expiration- 


+  (V)(R), 


-    =    -(V)(R). 
C 


IN] 


[Hal 


Pt    =   P>,   +  P,a. 


[9] 


R  and  C  arc  the  resistance  and  compliance  of  the 
respiratory  system;  V  is  the  volume  inspired  or  ex- 
pired, respectively;  and  V  is  inspiratory  or  ex- 
piratory flow,  respectively.  Note  that  during  expira- 
tion. How  is  driven  by  the  pressure  stored  in  the 
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elastic  components  of  the  lung  (P^iv  =  V/C).  Ex- 
piratory tlow  has  a  negative  value  signifying  that  it 
is  in  a  direction  opposite  to  inspiratory  flow. 
Graphically,  this  is  illustrated  by  drawing  the  in- 
spiratory tlow  curve  above  the  horizontal  axis  and 
the  expiratory  How  curve  below  the  horizontal  axis. 

The  equation  of  motion  (Equations  1 1  and  1  la) 
of  the  respiratory  system  has  three  main  uses.  First, 
if  the  ventilatory  muscles  are  relaxed  (ie,  P,„iis  =  0), 
then  we  can  take  measurements  of  pressure,  vol- 
ume, and  tlow.  at  the  bedside  and  calculate  es- 
timates of  the  patient's  total  respiratory  system 
compliance  and  resistance.  Second,  given  estimates 
of  compliance  and  resistance,  we  can  predict  how 
much  pressure  will  result  from  delivering  a  given 
tidal  volume  at  a  given  inspiratory  tlowrate.  Al- 
ternatively, we  can  predict  how  large  a  tidal  vol- 
ume and  inspiratory  flowrate  will  be  delivered  for  a 
given  pressure  generated  by  the  ventilator.  Third,  it 
forms  the  theoretical  basis  for  a  logical  and  con- 
sistent ventilator-classification  system. 

Figure  9  graphically  illustrates  the  relations  ex- 
pressed in  the  equation  of  motion  (Equations  11 
and  1  la).  The  set  of  graphs  on  the  left  in  this  figure 
shows  ventilation  with  a  constant  inspiratory  flow- 
rate,  while  that  on  the  right  is  with  a  constant  in- 


spiratory (transrespiratory)  pressure,  both  of  which 
are  .set  to  deliver  the  same  tidal  volume  (20  mL)  in 
the  same  inspiratory  time  ( 1  second).  Note  that  the 
shape  of  the  alveolar  pressure  curve  is  the  same  as 
that  of  the  volume  curve;  only  the  units  of  measure- 
ment are  different. 

With  a  constant  inspiratory  flowrate,  the  initial 
rise  in  pressure  seen  on  the  ventilator  manometer  (4 
cm  HiO  in  Figure  9)  is  equal  to  resistance  x  tlow. 
The  slope  of  the  pressure  rise  is  inversely  pro- 
portional to  compliance.  The  peak  inspiratory  pres- 
sure is  due  to  compliance,  tidal  volume,  resistance, 
and  inspiratory  tlowrate  as  described  by  the  equa- 
tion of  motion  (Equations  1 1  and  1  la).  Lung  pres- 
sure (Pl)  and  lung  volume  (Vl)  may  be  described 
as: 


(V)(t) 


PL  = 


Vl  =  (V)(t), 


112] 


[I3J 


where  Pl  is  lung  pressure,  t  is  time,  and  Vl  is  lung 
volume. 

If  inspiratory  pressure  is  constant,  then  lung  pres- 
sure, lung  volume,  and  flowrate  during  inspiration 


Inspiration 


Expiration 


Time  {3) 


Inspiration 


Expiration 


Fig.  9.  Graphical  representation  of 
the  equation  of  motion  (Equations  1 1 
and  11a)  for  a  constant-inspiratory- 
flow  pattern  (left)  and  constant- 
inspiratory-pressure  pattern  (right). 
Pressure,  volume,  and  flow  are  all 
measured  relative  to  their  baseline 
values  at  end  expiration.  The  dotted 
lines  indicate  mean  airway  and  lung 
pressures.  The  shaded  sections  rep- 
resent equal  geometric  areas  pro- 
portional to  the  pressure  required  to 
overcome  flow  resistance.  The  un- 
shaded sections  represent  equal  ge- 
ometric areas  proportional  to  the 
pressure  required  to  overcome  elas- 
tic recoil.  Note  that  for  the  same  tidal 
volume  and  mean  inspiratory  flowrate 
(ie,  tidal  volume  ^  inspiratory  time), 
the  constant-flow  pattern  produces  a 
higher  peak  ainway  pressure  and  low- 
er mean  airway  pressure  than  does 
the  constant-pressure  pattern,  but 
the  same  peak  lung  pressure  as 
does  the  constant-pressure  pattern. 
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are  exponential  functions  of  time  whose  fomis  are 
derived  from  the  equation  of  motion  (Equations  11 
and  1  la): 


Pl  =  AP(1   -e"0 


Vl  =  C(AP)(l   -  e"0 


R  ^       ' 


[14] 


11 5J 


116] 


where  AP  is  the  magnitude  of  the  pressure  change 
created  by  the  ventilator  relative  to  end-expiratory 
pressure  (ie,  peak  inspiratory  pressure  -  end  ex- 
piratory pressure),  t  is  inspiratory  time  measured 
from  the  start  of  inspiratory  fiow,  e  is  the  base  of 
the  natural  logarithm  («=  2.72),  and  T  is  the  time 
constant  (R  x  C);  resistance  has  units  of  (pressure  x 
time)/volume  and  compliance  has  units  of  volume/ 
pressure,  so  their  product  has  units  of  time  (usually 
seconds).  As  time  passes,  the  volume  of  the  lungs 
and  alveolar  pressure  increases.  As  alveolar  pres- 
sure approaches  the  peak  pressure  applied  by  the 
ventilator,  inspiratory  tlow  decreases.  This  is  be- 
cause the  transairway  pressure  driving  flow  ap- 
proaches zero  (flow  =  AP/R). 

For  any  form  of  mechanical  ventilation,  passive 
expiration  is  described  by: 


Pl   =  AP(e  "0 


C(AP)(e-"0 


V  = 


R    ^       ^ 


[17] 


[18] 


[19] 


where  t  is  expiratory  time  measured  from  the  start 
of  expiratory  tlow.  Exponential  equations  may  be 
somewhat  difficult  to  appreciate  intuitively  at  first, 
but  the  application  of  some  basic  mathematical 
principles  reveals  some  interesting  results.  For  sim- 
plicity, we  will  assume  that  both  inspiratory  and 
expiratory  times  are  long  enough  to  allow  equil- 
ibration of  airway  and  lung  pressures.  Keep  in 
mind  that  all  variables  are  measured  relative  to 
their  value  at  end-expiration.  This  means  that  lung 
pressure  is  actually  lung  pressure  above  PEEP,  and 
lung  volume  is  volume  above  functional  residual 
capacity  (FRC).  At  end  inspiration,  lung  pressure  = 


AP  -I-  PEEP  and  lung  volume  =  AV  -t-  FRC.  The 
change  in  volume  during  inspiration  (AV)  is  the  ti- 
dal volume. 

Inspection  of  the  exponential  equations  for  in- 
spiration shows  that  when  t  =  zero,  e'^^  =  1  so  that 
lung  pressure  =  zero,  lung  volume  =  zero,  and  in- 
spiratory flowrate  =  AP/R.  When  t  =  infinity,  e"'^^  = 
zero  so  that  lung  pressure  =  AP,  AV  =  AP  x  com- 
pliance, and  inspiratory  flowrate  =  zero.  A  similar 
analysis  can  be  applied  to  the  expiratory  equations. 
For  inspiratory  or  expiratory  times  between  zero 
and  inflnity,  the  shapes  of  the  lung-pressure,  lung- 
volume,  and  tlow  curves  are  determined  by  the 
time  constant.  If  these  variables  are  plotted  against 
time  in  units  of  time  constants,  a  useful  gener- 
alization is  observed  (Fig.  10).  Regardless  of  the 
specific  values  of  resistance  and  compliance,  after 
a  period  of  time  equal  to  1  constant,  the  variable 
achieves  about  63%  of  its  equilibrium  value;  after  2 
time  constants  86%;  after  3  time  constants  95%;  af- 
ter 4  time  constants  98%;  and  after  5  time  constants 
99%.  For  practical  purposes,  equilibration  is  con- 
sidered to  be  essentially  complete  after  5  time  con- 
stants. 
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Fig.  10.  The  exponential  rise  and  fall  of  lung  pressure 
and  lung  volume  during  inspiration  and  expiration  ex- 
pressed in  terms  of  time  constants. 

Figure  9  has  more  secrets  to  reveal.  Both  sets  of 
pressure,  volume,  ami  flow  curves  were  generated 
with  a  computer  using  the  equation  of  motion 
(Equations  1  1  and  1  la)  and  the  same  values  of  re- 
sistance and  compliance  (neonatal  values  in  this 
case).    Notice    thai    Ihc   /'Ct/A    airway  pressure   is 
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greater  for  the  constant-flow  pattern  than  for  the 
constant-pressure  pattern,  hut  the  peak  pressure  in 
the  haii;  is  independent  of  the  type  of  ventilatory 
pattern.  Peak  lung  pressure  depends  only  on  com- 
pliance and  tidal  volume. 

At  each  moment  in  time,  airway  pressure  is  equal 
to  (volume/compliance)  +  (resistance  x  tlow),  in 
accordance  with  the  equation  of  motion  (Equations 
II  and  11a).  This  could  be  appreciated  geo- 
metrically if  the  scales  for  pressure,  volume,  and 
flow  were  adjusted  (using  compliance  and  re- 
sistance as  scaling  factors)  such  that  the  height  of 
the  tlow  curve  plus  the  height  of  the  volume  curve 
equals  the  height  of  the  airway  pressure  curve.  Al- 
though the  scales  are  not  adjusted  exactly  this  way, 
Figure  9  conveys  this  idea  qualitatively. 

The  shaded  portions  of  the  pressure-time  curves 
represent  the  pressure  required  to  overcome  flow 
resistance  (ie,  resistance  x  flow  x  time),  whereas 
the  white  portions  represent  the  pressure  required 
to  overcome  elastic  recoil  (ie,  volume  x  time/ 
compliance).  The  shaded  portions  all  have  equal 
geometric  areas.  This  result  follows  from  the  fact 
that  the  average  inspiratory  flowrate  (ie,  tidal  vol- 
ume/inspiratory  time)  in  both  cases  is  the  same  be- 
cause the  tidal  volumes  and  inspiratory  times  are 
the  same. 

Although  peak  airway  pressure  is  greater  for  the 
constant-flow  pattern,  mean  airway  pressure  is  less. 
Pa\^  is  calculated  as  the  area  under  the  pressure- 
time  curve  divided  by  the  time  for  one  ventilatory 
cycle  (Fig.  1 1): 


K(AP) 


ti  +  I. 


+  PEEP, 


[20] 
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Fig.  11.  Graph  illustrating  the  definition  of  mean  airway 
pressure  (Pgw)-  P'P  'S  peak  inspiratory  pressure,  PEEP 
is  positive  end-expiratory  pressure,  t,  is  inspiratory  time, 
te  is  expiratory  time,  and  K  is  the  waveform  constant. 


where  K  is  the  waveform  constant,  PIP  is  peak  in- 
spiratory pressure,  AP  is  the  difference  between 
PIP  and  PEEP,  tj  is  inspiratory  time,  and  tg  is  ex- 
piratory time.  (K  depends  on  shape  of  waveform 
and  ranges  from  1  for  a  rectangular  wave  to  0.5  for 
a  triangular  wave.)  Note  that  P^^,  is  independent  of 
ventilatory  frequency  if  the  I:E  stays  constant  (as- 
suming that  K  stays  constant).  In  Figure  9,  the  Paw 
on  the  left  is  7  cm  H2O  and  on  the  right  it  is  10  cm 
H:0.  What  about  mean  lung  pressure?  Because  all 
shaded  areas  are  equal  (as  discussed  above),  it 
should  be  clear  from  Figure  9  that  the  total  area 
(for  inspiration  and  expiration)  under  the  airway 
pressure  curve  is  equal  to  the  total  area  under  the 
lung  pressure  curve  for  each  ventilatory  pattern. 
The  ventilatory  cycle  times  are  of  course  equal  so 
that  mean  airway  pressure  is  the  same  as  mean 
lung  pressure.  This  theoretical  result  has  been  sub- 
stantiated in  animals.-"  However,  mean  airway 
pressure  may  overestimate  mean  alveolar  pressure 
if  there  is  a  substantial  leak  around  the  endo- 
tracheal tube.'" 

In  1973,  Herman  and  Reynolds  discovered  that 
P(A  -  a)02  decreased  as  Paw  increased  in  infants  ven- 
tilated for  RDS."  Since  that  time,  many  studies"  " 
have  shown  that  Paw  is  a  useful  index  of  the  effect 
of  the  ventilatory  pattern  on  oxygenation  in  both  in- 
fants and  adults.  Paw  takes  into  account  the  im- 
portant variables  of  the  airway-pressure  waveform 
including  its  shape,  PIP,  baseline  pressure  (PEEP), 
and  the  I:E;  but  Paw  more  closely  correlates  with  ox- 
ygenation than  with  any  one  of  these  other  variables. 
Stewart  et  al"  observed  an  average  APaoVAPas^  of  4.9 
in  ventilated  neonates.  If  Paw  was  changed  by  chang- 
ing PEEP,  the  ratio  was  6.1;  following  PIP  chang- 
es, the  ratio  was  5.1;  and  following  I:E  changes,  the 
ratio  was  1 .9.  Ciszek  et  al'^  have  shown  that  if  Paw 
is  held  constant,  changes  in  PEEP  and  I:E  have  no 
significant  effect  on  oxygenation.  They  have  also 
suggested"  a  direct  relationship  exists  between  the 
Paw  needed  to  oxygenate  infants  with  RDS  and  the 
severity  of  the  lung  pathology — such  that  when  Paw 
is  greater  than  12  cm  H2O  [1.2  kPa],  complications 
may  be  anticipated. 
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Model  Limitations 

All  of  the  above  conclusions  are  valid  only  to  the 
extent  that  the  single-compartment  model  tits  the 
actual  behavior  of  the  lungs.  For  practical  pur- 
poses,"* it  probably  does  fit,  but  we  should  never 
lose  sight  of  the  fact  that  the  model  is  a  gross  over- 
simplification. For  example,  the  model  assumes 
equal  values  for  inspiratory  and  expiratory  re- 
sistance, but  in  reality  expiratory  resistance  tends  to 
be  greater  than  inspiratory  resistance"' — perhaps 
even  4.5  times  greater.'"'  This  can  cause  mean  lung 
pressure  to  be  higher  than  mean  airway  pressure 
and  can  increase  the  risk  of  gas  trapping.  Also,  we 
have  assumed  complete  equilibration  at  end- 
inspiration  and  end-expiration.  High  ventilatory 
frequencies  and/or  long  time  constants  tend  to  vi- 
olate this  assumption.  Short  inspiratory  and  ex- 
piratory times  may  lead  to  decreased  tidal  volume 
delivery  and  increased  gas  trapping  (Fig.  12).  The 
limitations  of  ventilation  with  a  constant  in- 
spiratory pressure  have  been  reviewed  in  detail  by 
Marini  et  al.^' 

In  the  discussion  of  lung  morphology  related  to 
barotrauma,  it  was  noted  that  if  surfactant  is  de- 
ficient, lung  units  tend  to  collapse  on  expiration, 
and  then  on  inspiration  small  airways  open  before 
alveoli.  This  implies  a  two-compartment  model 
with  one  compartment  (the  compliant  terminal  air- 
way) connected  in  series  with  the  alveolus  or  per- 
haps one  collapsible  lung  unit  in  parallel  with  a 
normal  unit  (Fig.  13).  If  we  postulate  a  lung  unit  in 
which  collapse  occurs  on  expiration  and  in  which 
the  alveolar  opening  pressure  is  16  cm  H:0  [1.6 
kPa],  then  the  possible  effects  on  the  two  ven- 
tilatory patterns  (constant-flow  and  constant- 
pressure)  are  illustrated  in  Figure  14.  For  both  pat- 
terns, pressure  rises  in  the  terminal  airway  but  not 
in  the  alveolus  until  the  opening  pressure  is 
reached.  At  this  point,  pressure  in  the  terminal  air- 
way drops  slightly  as  gas  escapes  into  the  alveolus. 
The  rates  of  pressure  rise  in  the  terminal  airway 
and  alveolus  depend  on  the  respective  time  con- 
stants. The  major  difference  between  the  two  ven- 
tilatory patterns  is  that  the  opening  pressure  is 
reached  more  quickly  with  a  constant  inspiratory 
pressure  pattern.  The  result  is  that  more  time  is 
available  for  the  alveolus  lo  fill,  and  hence  alveolar 
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Fig.  12.  Pressure,  volume,  and  flow  curves  illustrating 
the  phenomenon  of  alveolar  gas  trapping.  Note  that  both 
inspiratory  and  expiratory  times  are  so  short  that  flow 
does  not  decay  to  zero.  As  a  result,  the  tidal  volume  is 
less  than  it  would  be  if  complete  inspiration  and  expira- 
tion were  permitted. 


ventilation  and  perhaps  oxygenation  is  greater.  One 
way  to  interpret  this  is  that  the  constant-flow  pat- 
tern results  in  greater  dead-space  ventilation  than 
does  the  constant-pressure  pattern,  even  though  the 
exhaled  tidal  volume  may  be  the  same  for  both  pat- 
terns. Thus,  to  achieve  the  same  gas  exchange,  it 
may  be  necessary  to  increase  the  tidal  volume  us- 
ing the  constant-flow  pattern  with  the  consequence 
of  distending  the  terminal  airways  even  more  and 
increasing  the  risk  of  barotrauma.  The  same  type  of 
argument  can  be  applied  to  a  lung  model  consisting 
of  parallel  compliances  with  different  opening  pres- 
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unproven  hypotheses/-  they  are  consistent  with 
some  clinical  observations/'"*^  A  modification  of 
the  constant-inspiratory-flow  pattern  is  to  use  an 
inspiratory  hold.  To  my  knowledge,  this  meth- 
od— matched  for  tidal  volume  and  Paw — has  not 
been  compared  with  the  constant-inspiratory- 
pressure  pattern,  although  the  study  by  Lachmann 
et  al"""^  shows  that  inspiratory  hold  improves  oxy- 
genation. 


Fig.  13.  Two  ways  of  representing  the  lungs  or  lung  units 
as  double  rather  than  single-compartment  models.  In 
both  cases,  the  more  compliant  compartment  over- 
expands  before  the  collapsed  compartment  expands. 
Once  the  collapsed  compartment  opens,  the  tidal  volume 
may  redistribute  more  evenly  between  the  two  compart- 
ments. 


sures  and  different  time  constants.  In  this  case,  a 
continuous  inspiratory  flowrate  might  overextend 
the  lung  units  that  are  patent  or  have  low  opening 
pressure  and  normal  compliance.  Although  these  are 


Design  Principles  of  Mechanical  Ventilators 

The  difference  in  technical  understanding  be- 
tween clinicians  and  those  who  design  medical 
instrumentation  grows  larger  with  the  intro- 
duction of  each  new  device.  Nowhere  is  this 
more  evident  than  in  the  area  of  mechanical  ven- 
tilation. 

The  extent  of  one's  technical  understanding  is 
limited  by  the  terminology  used  to  describe  dif- 
ferent aspects  of  the  technology.  Published  lit- 
erature on  the  theory  and  application  of  mechan- 
ical ventilators  is  almost  universally  devoid  of 
clear  definitions  and  logical,  consistent  ter- 
minology based  on  a  coherent  theoretical  frame- 
work. These  failings  are  evident  in  the  way  cli- 
nicians talk  about  ventilators.  Terms  such  as 
cycled,  triggered,  and  limited  are  used  inter- 
changeably and  as  the  basis  for  classifying  differ- 


Fig.  14.  Hypothetical  pressure,  vol- 
ume, and  flow  curves  for  a  two- 
compartment  model  consisting  of  a 
compliant  terminal  airway  and  a  col- 
lapsed alveolus.  The  curves  on  the 
left  are  during  constant-flow  ventila- 
tion, and  the  curves  on  the  right  are 
during  constant-pressure  ventilation. 
Pressure  and  volume  accumulate  in 
the  terminal  airway  until  the  opening 
pressure  (16  cm  H,0  [1.6  kPa])  of  the 
alveolus  is  reached.  At  this  point, 
pressure  and  volume  fall  momentarily 
in  the  terminal  airway  as  the  alveolus 
fills.  Note  that  the  constant-flow  pat- 
tern leaves  less  time  for  the  alveolus 
to  fill  than  does  the  constant- 
pressure  pattern,  resulting  in  a  small- 
er alveolar  volume,  a  lower  level  of 
ventilation,  and  perhaps  poorer  oxy- 
genation. 
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ent  types  of  machines.  Ventilation  and  ventilators 
are  described  as  being  volume-  or  pressure- 
controlled,  volume-  or  pressure-preset,  and  con- 
stant volume  or  constant  pressure.  Different  ven- 
tilator manufacturers  use  different  words  to  mean 
the  same  thing  in  their  operator's  manuals.  Perhaps 
the  epitome  of  confusion  comes  in  the  form  of  new 
modes  of  ventilation  such  as  pressure  support,  min- 
imum minute  ventilation,  pressure-controlled  in- 
verse-ratio ventilation,  and  airway-pressure-release 
ventilation  complete  with  acronyms.  We  are  often 
reduced  to  'hand-waving'  in  an  attempt  to  get  some- 
one to  understand  what  we  mean  rather  than  what 
we  say.  Even  common  modes  of  ventilation  such  as 
assist-control  can  apparently  cause  confusion: 
Some  authors'"'  have  described  patients  in  their 
study  as  "assisting  their  ventilators"!  I  am  also  con- 
tinually amazed  at  the  new  ways  that  1:E  may  be 
adjusted.  Therapists  in  my  department  tell  me  that 
they  "rolled  out,"  "pulled  in,"  "extended,"  "tight- 
ened," "laid  out,"  "brought  in,"  "widened,"  "short- 
ened," or  otherwise  manhandled  the  I:E.  I'm  not  al- 
ways sure  what  they  mean  when  they  say  these 
things,  but  when  I  question  them  they  can  usually 
tell  me  whether  the  ratio  has  been  increased  or  de- 
creased. 

Ventilator  Classification 

I  believe  that  the  key  to  understanding  ventilators 
and  modes  of  ventilation  is  the  use  of  a  logical  and 
consistent  classification  scheme  based  on  explicitly 
defined  criteria.  My  colleagues  and  I  have  de- 
scribed in  detail  elsewhere^^  one  such  system.  The 
major  ideas  of  this  system  are  presented  in  Figure 
15.  This  system  is  based  on  the  equation  of  motion 
(Equations  11  and  11a)  as  a  model  of  the  ven- 
tilator-patient interaction.  From  a  basic  under- 
standing of  this  model,  it  follows  that  any  conceiv- 
able ventilator  can  control  one  of  three  variables 
during  inspiration:  pressure,  volume,  or  flow  (time 
being  an  implicit  variable) — hence,  they  are  re- 
ferred to  in  this  context  as  control  variables.  Be- 
cause volume  and  flow  are  inverse  functions  (ie, 
volume  is  the  integral  of  flow,  and  flow  is  the  de- 
rivative of  volume),  controlling  one  directly  con- 
trols the  other  indirectly.  As  it  turns  out,  it  is  most 


practical  to  control  pressure  and  flow  (rather  than 
volume)  as  demonstrated  by  just  about  every  new 
acute-care  ventilator  on  the  market  (the  Emerson 
models  being  a  noted  exception  by  virtue  of  their 
use  of  pistons).  Most  clinicians  are  familiar  with 
the  terms  pressure  ventilator  and  volume  ventilator. 
I  use  the  latter  term  to  refer  to  machines  that  con- 
trol inspired  volume  either  directly  (with  a  bellows 
or  piston)  or  indirectly  (by  controlling  the  in- 
spiratory-flow  waveform). 

For  each  control  variable,  manufacturers  have  set- 
tled upon  only  a  handful  of  possible  waveforms. 
The  most  common  are  rectangular  (for  pressure 


Eauallonof 

Nnwm 

*  resistance  ■  How 

proaauro  ■  ^^^^^^^^^ 

1 

-  Control  Variables 

. 

i 

; 

Pressurs 

Volume 

Flow 

Reciangulaf    EiponeniiaJ 
Inie) 

Ramp       Sinusoidal 

Reciangular   Sirusai<lal                 Ramp              ExponenDal 

^ 

Phase  Variables 

i 

Tngger  Variable 
(start  inspiration) 

i 

Limit  Variable 
(sustain  inspifalion) 

i 

Cycle  Variable 

(end  inspiration) 

i 

1 

Basatina  Variable 

1 

(suslain 

FRO 

Fig.  15.  Schematic  diagram  of  a  generalized  ventilator- 
control  scheme  based  on  a  single-compartment  model  of 
the  respiratory  system.  During  inspiration,  the  ventilator 
is  able  to  control  one  and  only  one  variable  (ie,  pres- 
sure, volume,  or  flow).  Once  this  variable  is  selected  by 
the  operator,  it  is  controlled  to  conform  to  a  particular 
waveform  (some  common  waveforms  are  illustrated). 
Pressure,  volume,  and  flow  can  also  be  referred  to  as 
phase  variables  that  constitute  the  clinically  important  pa- 
rameters of  each  ventilatory  cycle  (eg,  trigger  sensitivity, 
peak  inspiratory  flow  or  pressure,  inspiratory  time,  and 
PEEP).  'Modes'  of  ventilation  are  simply  names  for  vari- 
ous combinations  of  control  and  phase  variables.  The  di- 
agram is  drawn  as  a  flow  chart  to  emphasize  that  each 
breath  may  have  a  different  set  of  control  and  phase  var- 
iables depending  on  the  mode  of  ventilation  selected. 
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and  flow  control),  sinusoidal  (for  volume  and  flow 
control),  and  ascending  and  descending  ramp  (for 
flow  control).  When  volume  and/or  flow  are  used 
as  control  variables,  the  tidal  volume  may  be  preset 
and  is  simply  a  function  of  time  and  the  preset  in- 
spiratory-tlow  pattern.  When  pressure  is  the  control 
variable  (eg,  as  in  infant  ventilation  or  during  pres- 
sure support  ventilation),  the  tidal  volume  is  a  func- 
tion of  time,  compliance,  resistance,  and  the  am- 
plitude of  the  pressure  waveform  (ie,  the  difference 
between  peak  and  end-expiratory  pressure). 

Implicit  in  the  equation  of  motion  (Equations  1 1 
and  11a)  is  that  pressure,  volume,  and  tlow  are 
functions  of  time  and  the  ventilator  must  control 
the  time  intervals  for  inspiration  and  expiration. 
Years  ago,  Mushin  at  al^*  introduced  the  concept  of 
dividing  the  ventilatory  cycle  into  four  phases:  the 
change  over  from  the  expiratory  phase  to  the  in- 
spiratory phase,  the  inspiratory  phase,  the  change 
over  from  the  inspiratory  phase  to  the  expiratory 
phase,  and  the  expiratory  phase.  Ventilators  are  de- 
signed to  monitor  one  or  more  of  the  control  var- 
iables such  that  when  the  variables  reach  some  pre- 
set values,  a  switch  is  made  from  one  phase  to 
another.  Viewed  in  this  context,  pressure,  volume, 
flow,  and  time  can  be  referred  to  as  phase  var- 
iables. Specifically,  four  phase-variable  categories 
can  be  defined:  the  trigger  variable,  the  limit  var- 
iable, the  cycle  variable,  and  the  baseline  variable. 
Modem  ventilators  combine  control  variables  and 
phase  variables  within  and  between  breaths. 

In  light  of  this  classification  scheme,  some  com- 
mon misconceptions  can  be  dispelled.  First  of  all, 
for  practical  purposes,  there  are  only  three  main 
types  of  ventilators:  pressure  controllers,  volume 
controllers,  and  flow  controllers.  Theoretically,  one 
can  define  a  time  controller  (one  that  controls  in- 
spiratory and  expiratory  time),"  but  this  type  of 
ventilator  is  generally  not  used  outside  experi- 
mental environments. 

It  is  very  important  to  distinguish  between  the 
tenns  limit  and  cycle.  A  variable  is  limited  if  it 
reaches  a  constant  value  before  inspiration  ends.  In- 
spiration is  cycled  off  when  a  phase  variable  reach- 
es some  threshold  value.  For  example,  when  ven- 
tilating infants,  pressure  is  often  the  control  var- 


iable and  is  limited  to  some  peak  value  during  in- 
spiration (eg,  the  ventilator  delivers  a  rectangular 
pressure  waveform),  but  inspiration  is  terminated 
when  the  inspiratory  time  meets  the  value  set  by 
the  clinician.  Ventilators  for  older  children  and 
adults  usually  deliver  a  rectangular  inspiratory- 
flow  waveform  (ie,  inspiratory  flow  is  limited  at 
the  operator-preset  value),  but  inspiration  is  cycled 
off  when  the  inspiratory  time  has  reached  the  dura- 
tion necessary  to  deliver  the  preset  tidal  volume  (ie, 
tidal  volume  in  this  case  is  the  product  of  time  and 
flow).  In  other  words,  the  clinician  thinks  he  has 
set  the  peak  inspiratory  flowrate  and  the  tidal  vol- 
ume using  these  knobs  on  the  ventilator  but.  in  re- 
ality, he  has  set  inspiratory-flow  limit  and  in- 
spiratory time.  Manufacturers,  in  effect,  di,sguise 
the  inspiratory-time  knob  by  labeling  it  tidal  vol- 
ume in  the  interest  of  simplicity.  Conversely,  they 
may  disguise  the  flow-limit  control  by  labeling  it 
minute  volume  whereas  the  inspiratory  time  is  a 
function  of  the  rate  and  percent-inspiration  settings. 
The  labels  u.sed  depend  on  the  particular  phi- 
losophy of  the  manufacturer  and  on  the  market  in 
which  the  ventilator  is  being  sold  (eg,  Europeans 
seem  to  prefer  to  think  in  terms  of  minute  volume 
while  Americans  prefer  to  think  in  terms  of  tidal 
volume). 

A  ventilator  may  use  any  or  all  of  the  possible 
phase  variables  for  triggering,  limiting,  cycling, 
and  controlling  baseline.  Indeed,  the  various 
'modes'  of  ventilation  (eg,  assist-control,  SIMV, 
pressure  support)  are  simply  shorthand  notations 
for  specific  patterns  of  control  variables  and  phase 
variables.  For  example,  when  the  Siemens  Servo 
900C  is  in  the  assist-control  mode  with  a  rec- 
tangular flow  pattern,  it  is  a  flow  controller  that  is 
pressure-  or  time-triggered  (depending  on  the  .sen- 
sitivity setting  and  the  magnitude  of  the  patient's 
inspiratory  effort),  flow-limited,  time-cycled  (or 
pressure-cycled  if  the  airway  pressure  exceeds  the 
alarm  settings),  and  baseline-pressure  (PEEP)  con- 
trolled. The  pressure-support  mode,  available  on 
many  new  ventilators,  is  simply  pressure-controlled 
ventilation  that  is  pressure-triggered  (again  de- 
pending on  the  patient  and  the  .sensitivity  setting), 
pressure-limited,  and  flow-cycled  (ie,  inspiration 
typically  ends  when  the  inspiratory  flowrate  decays 
to  about  25%  of  its  peak  value). 
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Humidiflcation 

An  important  hut  often  overlooked  aspect  of  me- 
chanical ventilation  is  the  problem  of  humid- 
iflcation of  inspired  gas.  There  are  actually  two 
main  problems,  one  having  to  do  with  physiology 
and  one  with  methodology  (ie,  design  principles 
and  clinical  application).  First  is  the  question  of 
how  inspired  gas  should  be  conditioned  to  mimic 
normal  physiology  when  the  upper  airway  is  by- 
passed through  use  of  an  endotracheal  tube.  A  re- 
cent review  of  the  literature^^  suggests  that  gas  de- 
livered to  the  trachea  should  be  heated  to  32-34°C 
[305-307°K]  and  humidified  to  a  water  vapor  con- 
tent of  36-40  mg/L.  But  there  are  other  physiologic 
concerns  such  as  the  maintenance  of  body  tem- 
perature in  premature  neonates  and  the  relationship 
between  humidification  and  clinical  outcome. 
These  issues  have  just  begun  to  be  addressed  in  the 
pediatric  literature.^" 

A  consideration  of  the  design  principles  of  mod- 
em humidifiers  and  the  complex  clinical  environ- 
ments in  which  they  are  used  reveals  some  inter- 
esting problems."^"  Heated  humidifiers  designed  for 
use  in  intubated  patients  are  intended  to  supply  gas 
saturated  with  water  vapor  over  a  wide  range  of 
temperatures.  The  temperature  and  relative  humid- 
ity of  the  gas  leaving  the  device  are  affected  by 
many  factors  including  the  surface  area  of  the  liq- 
uid-gas interface  inside  the  humidifier,  the  gas 
flowrate  and  pattern,  and  the  performance  char- 
acteristics of  the  temperature  controller.  These  fac- 
tors are  accounted  for  and  controlled — to  a  large 
extent — by  the  particular  device  design.  However, 
the  temperature  and  relative  humidity  of  the  gas  at 
the  airway  opening  are  largely  affected  by  un- 
controllable factors.  Chief  among  these  factors  are 
the  temperature  and  tlow  patterns  of  the  air  sur- 
rounding the  patient  circuit  and  the  amount  of  in- 
cident thermal  radiation  (eg,  from  radiant  warm- 
ers). Ambient  air  temperature  can  be  above  or 
below  the  desired  temperature  of  inspired  gas  and 
can  thus  degrade  the  performance  of  the  humid- 
ification system  by  the  transfer  of  thermal  energy 
across  the  walls  of  the  patient  circuit.  Heating 
wires  placed  within  the  circuit  to  replace  heal  lost 
to  room  air  can  be  effective  in  preventing  pooled 
condensation,  but  they  can  cause  oilier  problems. 


Figure  16  illustrates  one  extreme  situation  that  oc- 
curs when  a  patient  circuit  with  heated  wires  passes 
through  two  distinct  environments,  room  air  at 
29°C  [302°K]  and  incubator  air  at  36°C  [309°K]. 

The  purpose  of  mentioning  these  issues  is  to  call 
attention  to  the  fact  that  humidification  of  inspired 
gas — particularly  during  neonatal  ventilation — is 
more  complicated  than  it  appears.  Furthermore, 
there  is  some  experimental  evidence"  that  links  im- 
proper conditioning  of  inspired  gas  to  an  increased 
incidence  of  pneumothorax  and  severity  of  chronic 
lung  disease  in  low-birthweight  infants.  Just  as 
there  is  no  ideal  ventilator,  so  too  there  is  no  ideal 
humidification  system  nor  is  there  any  real  con- 
sensus about  how  to  use  ventilators  or  humid- 
ification systems. 


Controversies  in  the  Application  of 
Mechanical  Ventilation 

There  is  no  generally-accepted  'right'  way  to  ven- 
tilate infants  and  children,  either  by  disease  cat- 
egory or  by  type  of  ventilator.  Even  indications  for 
ventilation  and  initial  ventilator  settings  to  use  are 
subject  to  debate.  However,  there  are  several  pub- 
lished references  that  cover  these  topics  quite 
well.'^-"  Because  this  information  is  available,  1 
will  address  some  of  the  more  philosophical  issues 
of  debate  that  are  seldom  explained  in  detail. 

Volume  Control  versus  Pressure  Control 

Mechanical  ventilators  have  evolved  along  two 
distinct  lines,  those  designed  for  adults  and  those 
for  infants.  1  think  the  reason  for  this  dual  evolution 
lies  in  the  inherent  problems  encountered  in  de- 
signing ventilators.  It  seems  that  the  implicit  as- 
sumption among  those  that  make  conventional  ven- 
tilators is  that  the  devices  should  be  able  to 
simulate  the  ventilatory  muscles'  ability  to  provide 
a  consistent  tidal  volume  in  response  to  the  pa- 
tient's physiologic  demand  to  breathe.  However, 
two  design  problems  immediately  arise.  First  is  the 
problem  of  how  to  generate  the  transrespiratory 
pressure  necessary  to  deliver  the  required  in- 
spiratory volume  and  flow.  Second  is  how  to  detect 
the  patienl's  respiratory  demand. 
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Fig.  16.  Illustration  of  a  problem  en- 
countered during  the  use  of  a  patient 
circuit  witfi  a  hieated  wire  inside  an  in- 
cubator. A.  Wfien  tfie  temperature 
probe  is  placed  inside  an  incubator 
whose  temperature  Is  set  higher  than 
the  output  temperature  of  the  humid- 
ifier, the  temperature  of  the  inspired 
gas  increases,  the  temperature  probe 
sends  a  signal  to  shut  off  the  heating 
wires,  condensation  forms  in  the  cir- 
cuit, and  the  relative  humidity  (RH)  of 
inspired  gas  drops.  B.  When  the 
probe  is  placed  just  outside  the  in- 
cubator, the  heating  wires  function 
properly  and  the  RH  of  the  inspired 
gas  is  increased. 


Under  normal  circumstances,  the  ventilatory  mus- 
cles produce  a  nearly  sinusoidal  transpulmonary 
pressure,  which  in  turn  drives  inspiratory  volume 
and  flow  in  a  sinusoidal  fashion.  The  earliest  com- 
mercial ventilators,  the  so-called  iron  lungs,  were 
successful,  although  primitive  quasi-sinusoidal 
pressure  controllers.  But  from  an  engineering 
standpoint,  to  design  a  more  practical  sinu.soidal 
pressure  controller  one  would  need  sophisticated 
pressure  transducers,  How  regulators,  and  feed- 
back-control circuits.  Such  hardware  has  only  re- 
cently become  available.  Even  with  micro- 
processor-controlled circuits,  such  a  device  still 
lacks  the  sophistication  of  the  human  body  in  its 
ability  to  adjust  the  pressure  generated  to  maintain 
a  consistent  tidal  volume  via  the  Hering-Breuer  re- 
flex. It  might  be  reasoned  that  the  next  best  thing  is 


a  sinusoidal  volume  controller.  Indeed,  some  of  the 
earliest  ventilators  to  replace  the  iron  lung  were  of 
this  design  (eg,  the  Emerson  and  Engstrom  ven- 
tilators). These  devices  relied  on  a  rotating  crank 
and  piston  to  generate  the  desired  waveforms.  As 
technology  progressed,  it  seems  that  the  desire  for 
sinusoidal  waveforms  was  replaced  by  the  desire 
for  smaller,  lighter,  and  more  flexible  devices. 
Hardware  and  electronics  became  available  to  con- 
trol the  flow  of  gas  precisely  and  to  generate  a  va- 
riety of  inspiratory  flow  waveforms.  Thus,  we  find 
ourselves  in  an  era  where  almost  every  commercial 
ventilator  made  for  adults  is  primarily  a  flow  con- 
troller. 

The  second  design  problem,  that  of  detecting  the 
patient's  ventilatory  demand,  has  historically  re- 
ceived less  attention.  Many  of  the  first  ventilators 
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ignored  this  problem  altogether  and  simply  de- 
livered a  preset  number  of  mandatory  breaths  per 
minute.  Around  1955,  the  I'irst  pressure-triggered 
ventilator  was  developed  tor  anesthesia.'^"  For  about 
the  next  30  years,  pressure  was  the  favored  trigger 
variable.  Until  the  late  1960s  and  early  1970s,  me- 
chanical ventilation  was  mainly  reserved  for  adults. 
Then  work  by  Reynolds  and  others'"""  showed  that 
mechanical  ventilation  could  be  applied  to  infants 
with  respiratory  distress  syndrome. 

Reynolds'  early  attempts  at  ventilating  infants 
with  a  Bennett  PR-2  resulted  in  adequate  ventila- 
tion (ie,  removal  of  CO:)  but  poor  oxygenation. 
The  major  problem  was  a  lack  of  sensitivity  of  the 
pressure-triggering  mechanism,  which  caused  the 
infant  to  struggle  against  the  ventilator.  Efforts  to 
set  the  ventilator  rate  at  60-80  breaths/min  to  syn- 
chronize with  the  infant's  breathing  pattern  were 
not  successful  unless  high  peak  inspiratory  pres- 
sures (35-50  cm  H:0  [3.4-4.9  kPa])  were  used. 
Most  patients  died  of  bronchopulmonary  dysplasia. 
Further  experimentation"'"-  showed  that  if  the  PR-2 
was  modified  to  generate  a  rectangular  pressure 
wavefomi  at  frequencies  of  about  30  breaths/min, 
two  things  happened:  Peak  airway  pressures  were 
reduced,  and  oxygen  tension  was  improved.  Sub- 
sequently, I-E  ratios  greater  than  1 : 1  were  rec- 
ommended to  further  improve  oxygenation."** 
These  developments  seemed  to  improve  survival."^ 
The  work  by  Reynolds  et  al'''""^  and  the  subsequent 
development  of  IMV  by  Kirby  et  al""  have  de- 
termined the  course  of  infant-ventilator  evolution 
to  this  very  day.  Not  only  did  pressure  controllers 
operated  in  a  continuous-flow,  time-triggered,  pres- 
sure-limited, time-cycled  mode  seem  to  improve 
prognosis,  but  they  were  (and  are)  easier  to  design 
and  less  expensive  to  manufacture  than  other  types 
of  ventilators.  The  belief  was  fostered  that  pres- 
sure-limited ventilation  decreased  barotrauma  be- 
cause peak  inspiratory  pressure  was  decreased. 
However,  as  discussed  above,  this  is  an  over- 
simplification that  is  not  supported  by  scientific  ev- 
idence. 

Partly  for  the  historic  reasons  mentioned  earlier 
and  partly  for  economic  reasons,  there  is  not  much 
controversy  over  the  preference  of  pressure  con- 
trollers versus  volume  controllers  in  neonatal  in- 
tensive  care    units — at    least    in    the   treatment   of 


RDS.  However,  the  use  of  inverse  1-E  ratios  has 
fallen  out  of  favor  because  it  doesn't  seem  to  im- 
prove oxygenation  dramatically  (with  modern  in- 
fant ventilators  and  in  less  severely-ill  neonates),  it 
promotes  gas  trapping  and  inadvertent  PEEP,  and  it 
does  not  reduce  morbidity  and  mortality."' 

Some  people  believe  that  pressure  controllers  are 
superior  to  volume  controllers  because  they  can 
maintain  a  constant  airway  pressure  in  the  face  of 
leaks  around  uncuffed  endotracheal  tubes.  The  rea- 
soning seems  to  be  that  constant  pressure  implies 
that  the  delivered  volume  remains  constant.  This, 
however,  is  a  misunderstanding.  Aside  from  the  ef- 
fects on  tidal  volume  of  changing  lung  mechanics 
during  pressure-controlled  ventilation,  leaks  at  the 
tracheal  level  result  in  decreased  pressures  in  the 
trachea"'  and,  hence,  can  affect  ventilation  in  the 
same  manner  as  does  volume-controlled  ventila- 
tion. The  problem  is  that  the  effect  is  masked  dur- 
ing pressure-controlled  ventilation. 

Recently,  there  has  been  a  resurgence  of  interest 
in  pressure-triggering  infant  ventilators  using 
esophageal  pressure,  inspiratory  flowrate,  and  ab- 
dominal expansion  as  the  trigger  variables  because 
they  are  more  sensitive  than  airway  pressure.*"™ 
The  belief  is  that  in  patient-triggered  ventilation  the 
infant's  breathing  attempts  are  synchronized  with 
the  ventilator,  and  thus  the  risks  of  pneumothorax 
and  intracranial  hemorrhage  will  be  reduced  and 
oxygenation  will  be  improved.'' ''  Short-temi  ef- 
fects of  patient-triggered  ventilation  seem  to  in- 
clude a  reduction  in  oxygen  requirement  and  an  in- 
crease in  ventilatory  rate,  but  infants  of  less  than  28 
weeks  gestational  age  do  not  seem  to  tolerate  this 
mode  of  ventilation.' 

Ironically,  the  real  debate  over  volume-  vs  pres- 
sure-controlled ventilation  is  occurring  in  the  pe- 
dialric-adult  area.  Pressure-controlled  inverse-ratio 
ventilation  (PCIRV)  is  being  used  to  treat  ARDS. 
yet  the  arguments  about  whether  it  works  and  how 
it  works  are  essentially  the  same  as  those  that  have 
been  put  forth  in  the  neonatal  literature  for  years.  It 
seems  to  me  that  proponents  of  PCIRV  are  dis- 
covering the  same  effects  ami  making  the  same 
mistakes  as  did  the  early  researchers  in  infant  ven- 
tilation. '  In  our  experience  at  Rainbow  Babies  and 
Childrens  Hospital  in  Cleveland,  pressure-controlled 
ventilation  iirovidod  h\    the  Siemens  Servo  9()0C 
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venlilalor  sociiis  to  improve  oxygcnalion  and  vcn- 
lilalioii  in  older  children  with  ARDS:  but.  to  avoid 
causing  gas  trapping  and  inadvertent  PEEP,  we  re- 
frain tVom  using  I-E  ratios  much  greater  than  3:1 
and  t'rcquencies  above  20-30  breaths/min.  In- 
advertent PEEP  is  additive  to  applied  PEEP,  de- 
creases tidal  volume,  is  not  obvious  from  routine 
airway-pressure  measurements,  and  has  no  theo- 
retical advantage  over  increasing  the  level  of  ap- 
plied PEEP.'*^ 

High-Frequencv  Low-Pressure  versus  Low- 
Frequency  High-Pressure  Ventilation 

The  ventilator  management  strategy  of  Reynolds 
has  come  to  be  regarded  as  using  relatively  low  fre- 
quency, relatively  high  pressure,  and  relatively 
long  inspiratory  times.  Some  authors"'"  have  re- 
ported high  incidences  of  pneumothorax  (up  to  50%) 
using  this  regimen. 

Another  school  of  thought  advocates  the  use  of 
higher  frequencies  and  shorter  inspiratory  times  as 
a  means  of  improving  outcome.  Three  studies'''™ 
have  been  particularly  influential  with  respect  to 
this  approach;  however,  the  study  by  Bland  et  aV" 
did  not  have  a  control  group,  and  the  studies  by 
Spahr  et  al"  and  Heicher  et  af^  did  not  distinguish 
infants  by  disease.  The  problem  with  lumping  ail 
diagnoses  together  is  that  the  beneficial  effects  of 
the  ventilatory  method  in  one  illness  may  be 
masked  by  the  adverse  effects  of  the  method  in  an- 
other illness.'** 

In  reviewing  these  issues.  Ramsden  and  Rey- 
nolds'^ put  particular  emphasis  on  gas  trapping  and 
inadvertent  PEEP.  The  fraction  of  the  tidal  volume 
remaining  in  the  lungs  as  a  function  of  expiratory 
time  can  be  expressed  as: 


volume  trapped 


•t/r 


which  is  simply  a  rearrangement  of  the  equation  for 
lung  volume  during  expiration  given  in  Equation 
18.  Using  published  values  for  resistance  and  com- 
pliance."""' Ramsden  and  Reynolds'"  estimate  the 
time  constant  (T)  to  be  as  short  as  0.05  seconds  for 
infants  w  ith  RDS.  as  long  as  0.25  seconds  for  in- 
fants with  normal  lungs,  and  up  to  0.5  seconds  for 
infants  with  chronic  lung  disease.  They  point  oiii 


that  ventilating  a  normal  infant  at  a  frequency  of 
100  breaths/min  and  an  l:E  =  1:1  will  result  in  trap- 
ping 30%  of  the  tidal  volume  in  the  lung  at  end- 
expiration.  Secretions  in  the  endotracheal  tube  can 
double  respiratory-system  resistance,"^  and  con- 
sequently in  this  example  trapped  gas  can  increase 
to  50%.  Another  consequence  of  high  frequencies 
can  be  that  inhomogeneity  ot  time  constants 
throughout  the  lung  may  cause  areas  with  long  con- 
stants to  be  less  well  ventilated  than  areas  with 
short  constants.'"  Although  there  is  some  evidence 
that  spontaneously  breathing  infants  breathe  rapid- 
ly to  prevent  airway  closure  during  expiration,'*'  at- 
tempts to  achieve  the  same  effect  with  a  mechan- 
ical ventilator  are  difficult  to  measure.  Ramsden 
and  Reynolds'"  state  that  "the  situation  is  quite  un- 
like that  of  the  spontaneously  breathing  infant 
whose  lungs  are  liberally  endowed  with  stretch  re- 
ceptors providing  the  feedback  information  nec- 
essary to  modulate  respiratory  timing  in  accordance 
with  the  changing  lung  mechanics." 

Morley  and  South""  have  countered  with  the  argu- 
ment that  the  short  time  constants  of  babies  with 
RDS  allow  expiratory  times  as  short  as  0.15  sec- 
onds with  only  5%  gas  trapping.  Milner"'  has  sug- 
gested that  even  a  13%  reduction  in  tidal  volume 
caused  by  gas  trapping  will  be  more  than  com- 
pensated for  by  the  increased  frequency  and  that  a 
13%  increase  in  PEEP  is  inconsequential.  Green- 
ough  et  al""  compared  frequencies  of  30.  60.  and 
120  breaths/min  at  constant  P.„^.  They  showed  an 
increase  in  oxygenation  and  ventilation  only  at  a 
rate  of  120  breaths/min  and  only  in  babies  who 
were  not  paralyzed  (some  infants  in  the  study  were 
paralyzed  if  they  were  judged  to  be  actively  ex- 
haling against  positive-pressure  inflation).  Both 
Sechrist  and  Bourns  infant  ventilators  were  used 
and  showed  different  results. 

In  my  opinion,  patients  who  initially  can  be  oxy- 
genated and  ventilated  easily  by  manual  ventilation 
and  who  do  not  have  significant  lung  disease 
should  be  ventilated  with  a  volume-controlled 
mode,  tidal  volume  in  the  range  of  5-6  mL/kg."'' 
minimal  PEEP  (eg,  2-3  cm  H:0  [0.2-0.3  kPa]),  and 
no  inspiratory  hold.  Theoretical  work  suggests  that 
for  a  given  tidal  volume,  an  ascending-ramp  in- 
spiratory-tlow  waveform  minimizes  the  work  of 
distending  the  lungs  (perhaps  niinimi/ing  the  risk 
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of  barotrauma)  and  miiiimi/cs  mean  intrapleural 
pressure  (minimizinu  the  risk  of  hemodynamic 
compromise).'"""  These  patients  may  also  be  can- 
didates for  pressure-support  ventilation  with  vol- 
ume monitoring,  it  may  he  that  for  patients  with 
nomial  lungs,  the  mode  of  ventilation  has  no  clin- 
ically important  effect  on  gas  exchange."' 

I  believe  that  patients  who  have  surfactant- 
deficient  lungs  or  who  are  difficult  to  oxygenate 
with  the  ventilator  strategy  described  should  be 
managed  by  time-cycled,  pressure-limited  ventila- 
tion with  delivered  tidal  volume  measured.  Al- 
though the  technology  to  measure  tidal  volume  is 
available  and  affordable  (eg.  Bear  NVM-1  neonatal 
volume  ventilator),  many  studies  of  infant  ventila- 
tion are  flawed  because  tidal  volume  was  not  con- 
trolled as  the  key  variable.  Lachmann^^  has  pro- 
posed that  ventilation  be  switched  from  volume- 
control  to  pressure-control  when  PaOrTFio:  is  below 
100  ton-,  peak  airway  pressure  (with  I:E  =  1:1)  is 
higher  than  35  cm  H:0  [3.4  kPa],  and  PEEP  ex- 
ceeds 8  cm  H:0  [0.8  kPa[.  Ideally,  some  measure- 
ment of  FRC  should  be  made,  but  this  is  more  dif- 
ficult. The  tidal  volume  should  be  kept  in  the  range 
of  5-6  niL/kg.  Frequency  should  be  no  higher  than 
required  to  maintain  the  desired  PaCO:,  and  PEEP 
should  be  adjusted  to  maintain  oxygenation  at  the 
lowest  Fio:.  Inspiratory  time  should  initially  be  set 
just  long  enough  to  deliver  the  tidal  volume  (ie,  so 
that  a  shorter  inspiratory  time  decreases  tidal  vol- 
ume and  a  longer  time  does  not  increase  tidal  vol- 
ume). If  oxygenation  continues  to  be  a  problem,  a 
trial  of  longer  inspiratory  times  and  possibly  re- 
versed I-E  ratios  can  be  used.^^  It  may  take  as  long 
as  24  hours  for  significant  improvement  to  occur. 
The  general  approach  to  ventilating  patients  with 
acute  lung  injury  sht)uld  be,  in  short,  use  small  tidal 
volumes  and  high  PEEP  rather  than  large  tidal  vol- 
umes and  low  PEEP.'" 

if  the  patient  has  life-threatening  barotrauma  in 
the  form  of  PIE  or  bronchopleural  fistula,  high 
PaCO:  despite  all  efforts  to  optimize  ventilation,  or 
if  the  mean  airway  pressure  required  to  ventilate  or 
oxygenate  is  above  some  predetermined  threshold, 
then  a  trial  of  high-tVequency  \cntilation  is  war- 
ranted. The  idea  here  is  to  carry  the  small  tidal  vol- 
ume-high PEEP  approach  to  the  extreme.  This 
should  be  accomplisheil  v\ith  a  device  that  is  de- 


signed for  ihc  task.  Conventional  ventilators  may 
operate  at  frequencies  up  to  150  breaths/min  (limit- 
ed by  an  arbitrary  FDA  ruling),  but  their  ability  to 
increase  minute  ventilation  as  rate  increases  is 
questionable."  Based  on  our  experience  with  high- 
frequency  jet  ventilation,"""'  I  would  guess  that  an 
appropriate  threshold  for  a  trial  of  high-frequency 
ventilation  would  be  at  a  pressure  cost  of  oxy- 
genation (defined  as  R,w  divided  by  the  arterial- 
alveolar  oxygen  tension  ratio  [PaO;/PAn:|)™  equal  to 
about  100  cm  HO  [4.8  kPa[  (equivalent  to  a  R,,^  of 
15  cm  H:0  [1.5  kPaj  and  a  PaOj/RAO:  of  0,15).  We 
have  been  successful  with  frequencies  of  100-250 
cycles/min  and  I:E  fixed  at  about  1:3  (adolescents 
and  large  children  need  lower  frequencies  than  do 
premature  infants  to  prevent  clinically  important 
gas  trapping:  gas  trapping  should  be  suspected  if  a 
ventilator-parameter  change  seems  to  cause  an  in- 
crease in  both  PaO:  and  PaCO:)-  Pressure  amplitude 
(ie,  PIP  -  PEEP)  is  adjusted  to  obtain  the  desired 
PaCO;  while  mean  airway  pressure  is  adjusted  (via 
PEEP)  to  control  oxygenation  at  the  lowest  Fio;. 

The  underlying  philosophy  in  both  scenarios  is  to 
maintain  open  alveoli  throughout  the  ventilatory 
cycle  by  using  P.,^^  as  an  index  of  mean  lung  vol- 
ume and  then  to  use  either  a  small-to-normal  tidal 
volume  for  compliant  lungs  or  a  very  small  tidal 
volume  for  noncompliant  lungs  at  high  risk  for 
overdistention.  The  selection  of  frequency  is  a  sec- 
ondary consideration.  With  normal  tidal  volumes, 
normal  frequencies  can  be  used  to  maintain  ventila- 
tion and  gas  trapping  will  be  minimal.  At  small  ti- 
dal volumes,  higher  frequencies  will  be  necessary 
and,  although  gas  trapping  will  undoubtedly  occur, 
it  should  not  greatly  affect  FRC, 

I  believe  that  these  recommendations  can  be  gen- 
eralized to  older  patients  and  to  other  modes  of 
ventilation.  For  example,  the  use  of  large  tidal  vol- 
umes (10-15  mL/kg)  during  volume-controlled 
SIMV  has  been  questioned  in  a  recent  study  by  Lee 
et  al.""  They  have  pointed  out  that  the  belief  in 
large  tidal  volumes  to  prevent  atelectasis  is  based 
on  studies  of  paralyzed,  anesthetized  patients  on 
zero  PEEP.""'  In  contrast,  many  patients  in  pe- 
diatric intensive  care  units  are  awake,  spontane- 
ously breathing,  and  receiving  PEEP.  Lee  et  al"" 
showed  that  adults  randomized  to  mechanical  ven- 
tilation with  tidal  \i)lumes  of  6  niL/ki:  had  shorter 
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durations  of  intubation  and  decreased  lengths  of 
stay  in  the  intensive  care  unit  than  did  patients  ran- 
domized to  ventilation  with  12  niL/kg. 

The  Future 

In  the  future  it  is  probable  that  ways  to  optimize 
ventilator  settings  for  individual  patients  will  be  de- 
veloped and  general  mechanical  ventilation  guide- 
lines for  specific  populations  will  be  formulated. 
One  of  the  key  variables  in  this  process.  FRC,  is 
still  difficult  to  measure  at  the  bedside.  In  the  near 
future,  I  envision  technology  built  into  the  ven- 
tilator that  will  enable  clinicians  to  evaluate  FRC 
changes  just  as  easily  as  compliance  and  resistance 
are  evaluated  today.  These  variables,  along  with 
hemodynamic  measurements  and  continuous  meas- 
urements of  blood  pH,  Pco:.  and  Po:  (perhaps  with 
optodes)  will  provide  the  data  necessary  to  make 
optimization  of  ventilator  management  more  than 
somebody's  experiential  impression. 

But.  having  the  data  is  not  enough.  Indeed,  at  the 
present  rate  of  technologic  advance,  the  in- 
formation available  to  the  clinician  will  be  over- 
whelming in  quantity  and  diversity.  To  make  sense 
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Fig.  17  Acid-base  map  for  neonates. 
RMA  is  mixed  respiratory  and  meta- 
bolic acidosis,  N  is  normal  acid-base 
status,  CRA  IS  compensated  res- 
piratory alkalosis,  CMA  is  com- 
pensated metabolic  alkalosis,  and 
RA  is  respiratory  alkalosis. 
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of  it  all,  we  will  need  to  incorporate  the  power  of 
the  microcomputer  and  artificial  intelligence  soft- 
ware. In  my  opinion,  a  clinician  trying  to  ventilate 
a  seriously  ill  patient  is  analogous  to  .someone  fac- 
ing a  world-class  chess  player.  Each  game,  as  each 
patient,  is  different.  Yet  the  player  who  has  studied 
the  opening,  midgame.  and  endgame  move  patterns 
recorded  in  detail  over  hundreds  of  years  of  ex- 
perience will  fare  much  better  than  someone  who 
only  knows  how  to  move  the  pieces.  Better  yet, 
someone  who  has  a  computer  with  these  patterns 
built  into  an  artificial  intelligence  program  cus- 
tomized for  chess  will  not  only  fare  well  but  will 
succeed  over  all  but  the  most  advanced  opponents. 

There  is  no  reason  why  this  strategy  cannot  be 
applied  to  the  intensive  care  unit.  Work  at  Rainbow 
Babies  and  Childrens  Hospital""  has  shown  that  us- 
ing a  computerized  algorithm  for  managing  infant 
ventilation  can  be  more  effective  than  depending 
upon  ad  hoc  human  decisions.  In  essence,  the  pro- 
gram represents  the  condensed  knowledge  of  prac- 
titioners and  researchers  with  many  years  of  col- 
lective experience.  Ventilator  changes  are  based  on 
blood-gas    interpretations   as   defined   by   a   cus- 
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tomized  'blood-gas  map'  (Fig.  17).'"  Miller'"-  has 
described  a  similar  program  lor  volume-controlled 
ventilation.  I  believe  that  luniier  progress  in  op- 
timizing conventional  ventilation  will  only  come 
about  as  the  result  of  competition  between  clinical 
algorithms,  with  the  prize  being  the  lowest  morbid-  15. 

ity  and  mortality  at  the  lowest  cost.  The  winners  of 
this  contest  will  be  our  patients. 
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Chatburn  Discussion 

Jobe:  Several  of  your  slides  make 
the  point  that  one  of  the  unique  as- 
pects of  the  developing  lung  is  that 
the  dead  .space  is  not  constant — in 
contrast  to  traditional  teaching  in  pul- 
monary mechanics.  Ventilation  of 
preterm  infants  with  high  pressure 
causes  airway  distortion  and.  with 
time,  loss  of  elasticity  and  airway  di- 
lation resulting  in  variable  dead 
space  during  the  respiratory  cycle.' 
Often  the  measured  minute  ventila- 
tion for  prelemi  infants  will  be  very 
high,  but  the  alveoli  are  collapsed 
such  that  most  of  the  minute  ventila- 
tion is  dead  space  ventilation  that 
does  not  result  in  gas  exchange.  We 
have  no  way  to  separate  dead  space 
from  alveolar  ventilation  in  preterm 
infants  clinically  by  the  pulmonary 
mechanics  measurements  available 
today. 

1.  Bhutani  VK.  Shaffer  TH.  Time  de- 
pendent tracheal  deformation  in  fetal, 
neonatal  and  adult  rabbits.  Pediatr  Res 
1982;16:830-833. 

Green:  Rob  (Chatbum),  consider  ox- 
ygenation, ventilation,  and  complica- 
tions as  outcome  vaiiables  and  ven- 
tilator settings  as  input  variables.  Has 
anyone  looked  at  perturbing  the  ven- 
tilator settings,  looking  at  changes  in 
the  outcome  variables  in  terms  of 
ventilator  settings,  and  by  iteration  in 
a  systematic  way  optimizing  ventila- 


tion for  particular  patients?  Clin- 
ically, we  do  this  in  a  somewhat  less 
than  algorithmic  way  all  the  time.  I 
know  you  published  an  algorithm 
that  you  developed.''  Has  anyone  a 
rigorous  algorithmic  approach  for  in- 
dividual patients'? 

1.  Chatbum  RL,  Carlo  WA,  Lough  MD. 
Clinical  algorithm  for  pressure- 
limited  ventilation  of  neonates  with 
respiratory  distress  syndrome.  Respir 
Care  1983:28:1579-1586. 

2.  Carlo  WA,  Pacifico  L.  Chatburn 
RL,  Fanaroff  AA.  Efficacy  of  com- 
puter-assisted management  of  res- 
piratory failure  in  neonates.  Pe- 
diatrics 1986;78:139-143. 

Chatburn:  Yes,  I'm  aware  of 
some  studies  that  have  approached 
that.  Lachniann,'  for  example,  did 
that  when  he  compared  volume- 
controlled  ventilation  to  pressure- 
controlled  ventilation  and  very  sys- 
temically  looked  at  specific  chang- 
es— I-E  ratio  and  tidal  volumes — 
and  tried  to  find  some  optimal  out- 
come in  temis  of  ventilation  and  ox- 
ygenation. From  that,  he  believes 
that  pressure-controlled  ventilation 
is  better.  1  think  most  of  the  studies 
at  least  in  neonatal  literature  are 
flawed  in  that  they  did  not  control 
for  tidal  volume.  And  going  one  step 
further.  I  don't  think  there  are  stud- 
ies— it  may  not  be  possible  to  design 
studies — to  really  get  at  the  question 
of  outcome  in  terms  of  duration  of 


ventilation,  duration  of  stay  in  the 
ICU.  or  duration  of  high  levels  of 
FiO:-  And  I  think  that  will  only  come 
when  we  can  integrate  all  the  data 
that  are  available  to  us  in  the  form  of 
artificial  intelligence  programs.  I 
know  that  some  ventilator  man- 
ufacturers are  doing  this.  1  think 
what  it's  going  to  get  down  to  is  a 
battle  of  the  algorithms — just  as  they 
have  in  chess.  They  have  developed 
various  artificial  intelligence  pro- 
grams for  chess — they  battle  it  out  to 
see  who  is  the  best.  And  I  think 
that's  the  only  way  we  are  going  to 
be  able  to  manage  the  wealth  of  data 
that  are  available. 

1 .  Lachniann  B.  Jonson  B,  Lindroth  M. 
Robertson  B.  Modes  of  artificial  ven- 
tilation in  severe  respiratory  distress 
syndrome:  Lung  function  and  mor- 
phology in  rabbits  after  washout  of 
alveolar  surfactant.  Cril  Care  Med 
1982:10:724-732. 

Salver:  That  was  an  excellent  talk, 
Rob.  Only  one  thing  confu.ses  me 
about  your  remarks.  If  in  fact  it's  the 
volumetric  expansion  of  the  lungs 
that  causes  barotrauma,  then  all  the 
other  wonderful  discussions  aside, 
wouldn't  it  be  better  to  have  a  vol- 
ume-controlled basis  for  ventilation 
in  the  NICU — if  in  fact  in  your  pres- 
sure-controlled approach,  tidal  vol- 
ume could  change  significantly  in 
the  face  of  rapidly  changing  lung 
compliances? 
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Chatburn:  Absolutely.  The  poinl  I 
u;iN  trying  to  make  in  my  talk  wax 
that  you  want  to  have  the  volume  de- 
livered early  in  inspiration  and  may- 
be hold  the  lungs  open  so  that  you 
can  have  a  better  distribution  of  ven- 
tilation. You  can  do  that  with  pres- 
sure-controlled ventilation,  but  you 
have  to  monitor  tidal  volume  be- 
cause it's  an  indirect  variable  and 
you  have  to  change  the  ventilator  set- 
tings if  lung  mechanics  change.  You 
can  do  the  same  thing  if  you  design 
the  ventilator  to  control  volume  but 
deliver  an  exponential  waveform 
rather  than  the  more  conventional 
ramp  waveform.  And,  in  fact,  Sie- 
mens has  a  new  ventilator  with  a 
mode  called  pressure-regulated,  vol- 
ume-controlled ventilation  that  I 
think  does  exactly  this.  The  ad- 
vantage of  this  mode  is  that  because 
volume  is  being  controlled  rather 
than  pressure,  the  level  of  ventilation 
stays  constant  if  lung  mechanics 
change. 

However,  I  can  foresee  that  cli- 
nicians will  have  difficulty  under- 
standing this  new  mode  because  the 
classification  terminology  they  use  is 
outdated.  They  are  not  accustomed  to 
focusing  on  a  control  variable  (like 
pressure,  release,  or  flow)  and  re- 
alizing that  in  theory,  a  ventilator  can 
select  any  one  of  them  and  deliver 
any  wavefomi  on  a  breath-by-breath 
basis.  In  fact,  most  clinicians  don't 
think  in  terms  of  wavefomis  at  all. 
They  do  not  see  that  during  pressure- 
limited,  time-cycled  ventilation,  a 
rectangular  pressure  waveform  will 
result  in  an  exponential  volume 
waveform.  Therefore,  it  is  difficult 
for  them  to  conceive  that  by  con- 
trolling volume  instead  of  pressure 
and  creating  an  exponential  volume 
waveform,  a  rectangular  pressure 
waveform  will  result — with  the  same 
potential  benefits  as  pressure- 
controlled  ventilation.  I  have  intro- 
duced a  new  classification  system  in 
my  talk  and  elsewhere'  in  order  to 


accommodate  the  rapidly  changing 
\cnlilalor  technology. 

1.  Chatburn  RL.  l.Dugh  MD.  Hatuihook 
of  respiratory  care.  2nd  ed.  Chicago: 
Year  Book  Mcciicai  Publishers, 
1990:191-22.1. 

Martin:  It  seems  iii  me  llial  patient- 
triggered  respirators  have  been 
around  for  quite  a  long  time.  How  do 
the  newer  techniques  differ  from  the 
old  systems'? 

Chatburn:  Well,  in  my  experience, 
they  weren't  very  good  systems. 
They  weren't  very  good  at  sensing 
the  patient's  respiratory  efforts  with  a 
few  exceptions.  Maybe  the  old  LS- 
104  was  fairly  good,  but  that  was 
again  mixing  apples  with  oranges  be- 
cause that  was  volume  control — not 
pressure  control.  There  were  to  my 
knowledge  no  good  pressure-control 
ventilators  that  had  offered  pressure 
triggering  suitable  for  neonates.  The 
reason  was  that  you  had  a  continuous- 
tlow  IMV  circuit  and  you  couldn't 
sense  a  pressure  drop  when  the  pa- 
tient inspired.  Perhaps  the  sensor 
technology  was  not  sufficiently  de- 
veloped. But  the  trend  now  in  new 
technology  is  to  have  very  small 
pneumotachs  that  can  be  placed  at 
the  endotracheal  tube  as  an  in- 
spiratory sensor  rather  than  a  tlow- 
triggering  mechanism.  Such  a  device 
has  been  used  on  the  Draeger  Ba- 
bylog  8000  ventilator.  The  Infra- 
sonics  Corp  has  come  out  with  a  dif- 
ferent approach — a  motion  sensor 
that  fits  on  the  abdominal  wall  that 
triggers  inspiration  in  response  to  the 
baby's  inspiratory  efforts. 
Andersen:  If  you  return  to  Lach 
mann's  story.'  what  he  did  essentially 
was  that  he  looked  at  three  different 
parameters  at  the  same  time.  First  of 
all,  he  used  pressure-controlled  ven- 
tilation, but  I  think  it's  important  to 
say  that  the  pressure  control  he  used 
was  real  pressure  control  and  not  the 
pressure  control  that  we're  ac- 
cuslomcil  to  on  the  okl  ventilators. 


That's  one  thing,  and  the  other  thing 
is  that  he  always  would  use  a  de- 
celerating inspiratory  flow  pattern. 
The  final  thing  is  that  he  would  re- 
verse the  I-E  ratio  demonstrating  all 
three  to  be  important. 

1.  Lachmann  B,  Dan/niann  E,  Haendly 
B,  Jonson  B.  Ventilator  settings  and 
gas  exchange  in  respiratory  distress 
syndrome.  In:  Prakash  O,  ed.  Applied 
physiology  in  clinical  respiratory 
care.  The  Netherlands:  Martinus  Nij- 
hoff.  1982:141-176. 

Chatburn:  I  think  what  you're  say- 
ing is  that  they  used  a  rectangular 
pressure  waveform  versus  a  tri- 
angular pressure  waveform  as  would 
have  been  seen  in  the  early  days 
when  using  a  Puritan-Bennett  PR-2. 
The  PR-2  is  typically  pressure- 
cycled  versus  current  infant  ven- 
tilators that  are  time-cycled  and  pres- 
sure-limited. Here  again,  we  see  the 
importance  of  tenninology. 
Andersen:  Which  might  also  recruit 
lung  periphery  and  keep  it  open  dur- 
ing expiration. 
Chatburn:  Exactly. 
Ha7.in.ski:  There  was  an  article  about 
a  year  or  so  ago  in  Lancet  by  Delpi 
and  Parker  who  were  with  EOR  Re- 
ynolds from  MIT  who  used  the  di- 
aphragm EMG  to  trigger  the  ven- 
tilator. It  was  remarkably  effective. 

It  seems  to  me  that  just  as  im- 
portant as  detemiining  how  good  the 
blood  gases  are  is  determining  what 
these  forms  of  ventilation  do  to  pul- 
monary blood  flow .  Is  there  any  con- 
sensus about  the  relative  effects  of 
volume-controlled  ventilation  vs  pres- 
sure-controlled ventilation  on  cap- 
illary or  blood  vessel  compression 
and  vascular  resistance?  Some  car- 
diac surgeons,  for  example,  will  not 
put  a  patient  on  a  pressure-controlled 
ventilator  because  they  believe  that 
pressure-controlled  venlilalt)rs  in- 
crease pidmonary  capillary  re- 
sistance. 

Chatburn:  They're  right,  and  I  think 
that  one  of  my  slides  showed  that 
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prossmv-i-ontrclloil  \cnlilaliiiii  wiih  ;i 
rectangular  pressure  wavelbnii  ;iikI 
the  same  tidal  volume  would  gi\e 
you  a  greater  mean  airway  pressure. 
A  greater  mean  airway  pressure  may 
lead  to  increased  pulmonary  vascular 
resistance  and  decreased  pulmonary 
blood  flow,  especially  in  patients 
with  normal  lung  compliance  be- 
cause airway  pressure  is  more  readily 
transmitted  to  llic  pulmonar\  vas- 
culature. 

Barnes:  Rob  (Chaibuiii).  uni  said 
thai  those  caring  lor  adults  had  a  lot 
to  learn  from  those  using  pressure 
control  and  inverse  l-E  ratios  with 
neonates.  What  message  can  you 
pass  on  tor  adult  care  based  on  your 
experience  w  ith  neonates',' 

Chatburn:  Well.  1  think  the  major 
concerns  here  are  that  extreme  in- 
verse I-E  ratios  are  probably  not  go- 
ing to  be  good  for  adults  for  the  same 
reason  they  weren't  really  good  for 
neonates.  Clinicians  need  to  under- 
stand the  concept  of  time  constants 
and     their    relevance     to    the     phe- 


nomenon (il  gas  trapping.  Cias  trap- 
ping is  known  not  to  be  goi)d  in  neo- 
nates because  it  gives  you  an  occult 
decrease  in  alveolar  ventilation — 
and  the  same  thing  happens  with 
adults.  For  example,  people  have 
been  pushing  inverse-ratio  pressure- 
control  ventilation.  Some  authors 
say  that  gas  trapping  is  good,  but, 
theoretically,  decreasing  expiratory 
time  to  the  point  that  we  have  gas 
trapping  is  no  better  than  applying 
PEEP,  in  my  opinion  and  may  be 
worse  because  it  is  harder  to  control. 
Do  we  have  a  quick  comment,  Jens 
(Andersen)'.' 

.Andersen:  The  reason  why  inverse- 
ratio  ventilation  is  used  to  a  certain 
extent  in  adults  now  is  that  when 
sou  use  inverse-ratio  ventilation  you 
actually  want  to  create  gas  trapping. 
As  long  as  you  know  what  you're  do- 
ing with  your  inadvertent  PEEP  and 
you  measure  your  auto-PEEP.  And, 
if  you  measure  your  auto-PEEP,  and 
decrease  that  set  PEEP  level,  then 
sou  can  actually  apply  some  of  the 


PEEP  \'ou  want  lo  gi\e  to  the  patient 
by  inversing  the  l-E  ratio.  This  might 
create  a  nonuniform  PEEP  dis- 
tribution in  the  periphery. 
Chalhiirn:  Well.  I  guess  my  only  ar- 
gument is;  What  is  the  theoretical  dif- 
ference between  inadvertent  alveolar 
PEEP  and  applied  alveolar  PEEP.>  It's 
the  same  PEEP  in  the  lung,  and  my 
argument  would  be  that  inad\eilent 
alveolar  PEEP  is  too  variable,  too 
subject  to  changes  in  the  pulmonary 
mechanics.  You  can't  see  il  unless,  as 
you  say,  you  are  constantly  mon- 
itoring gas  trapping,  and  somebody 
has  got  to  be  there  to  do  that. 
Andersen:  I  agree  with  you,  but  the 
important  point  then  is  that  if  you  use 
inversed  I:E  to  create  PEEP,  your 
peak  pressure  will  automatically 
drop. 

Chatburn:  Well,  six  of  one  and  half 
a  dozen  of  the  other.  You  have  the 
same  alveolar  tidal  volume  either 
way. 

.Andersen:  Maybe. 
Chatburn:  We  could  probably  argue 
that  forever. 
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Neonatal  and  Pediatric  High-Fiequency  Ventilation: 

Principles  and  Practice 

Carl  H  Coghill  III  MD,  James  L  Haywood  MD, 
Robert  L  Chatburn  RRT,  and  Waldemar  A  Carlo  MD 


Introduction 

Assisted  ventilation  has  contributed  to  a  sub- 
stantial reduction  in  mortality  in  infants  with  res- 
piratory distress,  but  its  use  has  been  complicated 
by  high  morbidity.  Pulmonary  air  leaks  occur  in  ap- 
proximately 24'f  ot  all  infants  requiring  assisted 
ventilation.'  From  259c  to  339*^  of  very-low  birth- 
weight  infants  who  survive  develop  bron- 
chopulmonary dysplasia. "^^  Assisted  ventilation  can 
also  adversely  affect  cardiac  function.^  Although 
the  precise  pathophysiologic  mechanisms  under- 
lying these  fomis  of  lung  injury  have  not  been  de- 
termined, high  ventilatory  pressures  and  the  re- 
sultant barotrauma  are  thought  to  be  major 
contributing  factors.  Furthermore,  some  infants  still 
die  with  intractable  respiratory  failure  despite  the 
use  of  currently  available  conventional  ventilators. 
Ventilators  are  needed  that  can  improve  gas  ex- 
change while  minimizing  barotrauma  in  these  pa- 
tients. Various  high-frequency  ventilators  have 
been  used  successfully  when  conventional  ven- 
tilators have  failed  to  maintain  adequate  blood  gas- 
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es.  Because  high-frequency  ventilation  (HFV)  may 
maintain  adequate  gas  exchange  at  low  airway  pres- 
sures and  thus  lessen  the  likelihood  of  barotrauma, 
an  increased  interest  in  these  new  modes  of  ventila- 
tion has  emerged. 

During  conventional  ventilation  (CV).  the  de- 
livery of  a  normal  tidal  volume  (Vr)  to  a  non- 
compliant  lung  necessitates  high  inflating  pressure. 
To  diminish  this  problem,  various  systems  capable 
of  delivering  HFV  have  been  developed.  With  these 
ventilators,  adequate  gas  exchange  can  be  main- 
tained with  markedly  reduced  volumes  delivered  at 
high  frequencies.  If  accompanied  by  decreased  in- 
flating pressures,  HFV  may  result  in  a  reduction  in 
barotrauma.  Recent  data  from  our  own  and  other  in- 
stitutions indicate  that,  when  compared  to  CV, 
short-term  HFV  maintains  adequate  gas  exchange 
in  critically  ill  neonates,  usually  at  lower  airway 
pressures.'-'  However,  controlled  clinical  trials 
have  not  uniformly  demonstrated  clear  advantages 
of  HFV  over  CV. 

Milestones  in  Infant  and  Pediatric  HFV 

In  19.'i9,  JM  Emerson,  patented  a  device  that,  by 
vibrating  air  into  the  patient's  lungs,  had  the  po- 
tential for  enhancing  gas  exchange."^  .Subsequently, 
Sjostrand  reported  his  groups'  modification  of  stan- 
dard conventional  ventilators  to  allow  their  use  at 
frequencies  of  6()-12()/min.-'  In  1974,  Heijman  and 
Sjostrand  first  reported  the  application  of  HFV  to 
neonates  with  respiratory  distress  syndrome 
(RDS),^  Many  reports  of  rescue  use  of  HFV  in  neo- 
natal and  pediatric  patients  followed.  Most  recently, 
contidlled  trials  have  been  performed.  This  review 
addresses  these  reports. 
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Abbrf\iali(nis  I  sod  in  1  his  P;ipcT 

CPAP 

—  Continuous  positive  airway  pressure 

CV 

—  Conventional  ventilation 

Fio: 

—  Fractional  inspired  ox>gen  eoneentralion 

HFOV 

—  High-t're(.|uency  oscillator)  wnlilalioii 

IIFPPV 

—  High-t'requencv  positive-pressure  ventila- 

tion 

HFV 

— High-frequency  ventilation 

HFFI 

—  High-trequency  Uow  interrupters 

I:E 

—  Inspiratory -to-e\piratory -time  ratio 

IMV 

—  Interinitteiil  nianclatory  ventilation 

PaCO: 

—  Arterial  carbon  dioxide  tension 

PaO: 

—  Arterial  oxygen  tension 

Paw 

—  Mean  airway  pressure 

PEEP 

—  Positive  end-expiratory  pressure 

PIE 

—  Pulmonary  interstitial  emphy  sema 

PIP 

—  Peak  inspiratory  pressure 

RDS 

—  Respiratory  distress  syndrome 

Vfe 

—  Expired  minute  ventilation 

Vt 

—  Tidal  volume 

Classification  of  High-Frequency  Ventilators 

A  number  of  high-frequency  ventilators,  each 
with  unique  characteristics,  have  been  developed, 
and  classification  is  not  an  easy  task.  Circuits  and 
delivery  system  designs  also  vary,  and  these  may 
have  a  major  impact  on  the  functioning  of  a  high- 
frequency  ventilator.  Furthermore,  considerable 
overlap  exists  in  the  characteristics  of  the  various 

Table  I.     Techniques  for  High-Frequency  Ventilation 


types  of  HFV.  in  addition,  the  siiategics  employed 
with  a  high-frequency  ventilator  may  also  affect  its 
efficacy.  Nonetiieless,  for  purposes  of  simplicity, 
we  have  attempted  to  classify  and  characterize  the 
principal  techniques  presently  employed  to  deliver 
HFV  (Table  1). 

High-frequency  positive-piessure  ventilation 
(HFPPV)  usually  employs  standard  conventional 
ventilators  modified  with  low-compliance  tubing 
and  connectors  so  that  adequate  Vr  can  be  de- 
livered despite  very  short  inspiratory  times.  This 
technique  was  developed  by  Sjostrand  and  co- 
workers'  in  an  effort  to  reduce  cardiac  side  effects 
from  assisted  ventilation,  but  was  also  found  ef- 
fective in  aciiieving  normal  blood  gas  values  at  re- 
duced airway  pressures.  Today  most  conventional 
neonatal  ventilators  have  been  modified  in  a  sim- 
ilar way,  allowing  their  use  at  rates  of  up  to  150/ 
min.  However,  limitations  with  this  mode  of  ven- 
tilation have  been  observed.  For  example,  as  fre- 
quency is  increased,  tidal  volume  delivery  may  be 
so  compromised  that  actual  alveolar  ventilation  de- 
creases despite  an  increase  in  minute  ventilation 

High-frequency  jet  ventilation  (HFJV)  employs  a 
high  pressure  source  to  deliver  a  volume  of  gas 
through  a  small-bore  injector  cannula.  Delivered 
Vt  may  be  large,  but  even  volumes  smaller  than 
dead  space  can  maintain  normal  CO:  elimination.'^ 
Gas  entrainment  (the  addition  of  gas  from  areas 
surrounding  the  jet-injector  cannula  to  that  in- 
trinsically delivered  by  the  jet  ventilator)  may  oc- 


HFPPV* 

Jet  Ventilation 

Flow  Interruption 

Oscillation 

Tidal  volume 

>  dead  space 

>  or  <  dead  space 

>  or  <  dead  space 

<  dead  space 

Expiration 

Passive 

Passive 

Passive 

Active 

Airway  pressure 
waveform 

Variable 

Triangular 

Triangular 

Sine  wave 

Entrainment 

None 

Possible 

None 

None 

Frequency 

60-150/min 

60-600/min 

.WO-1200/min 

.^0()-.^Ot)0/min 

*HFPPV  =  high-l 

requency 

positive-pressure 

ventilation. 
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cur  iiiidcr  cerlain  cirvunislanccs,  Hiitraiiinieiil  may 
occur  because  of  the  viscous  shearing  force  that  ex- 
ists between  moving  and  static  layers  of  gas  or  be- 
cause of  the  development  of  relative  negative  pres- 
sure near  the  jet  injector.  However,  gas  entrainment 
can  oni\  occur  with  ventilator  settings  and  circuit 
and  patient  characteristics  that  allow  high  rates  of 
tlow.  We  have  found  in  an  animal  model  of  neo- 
natal lung  disease  thai  entrainment  contributes  only 
minimally  to  total  Vi;.-"  Humidification  of  gases  is 
particularlv  difficult  during  jet  ventilation.  In- 
adequate humidification  has  contributed  to  fatal  tra- 
cheal lesions.-'  Because  of  the  uncertain  contribu- 
tion o\'  entrainment  to  total  M  .  the  practice  of 
humidifying  the  bias  flow  gases  alone  is  not  ad- 
equate. 

Similar  to  jet  ventilators,  high-frequency  flow  in- 
terrupters (HFFI)  provide  small  volumes  delivered 
at  high  frequencies  by  interrupting  a  flow  or  high- 
pressure  source.'"  In  contrast  to  jet  ventilation,  no 
injector  cannula  and  no  gas  entrainment  are 
present.  High-frequency  oscillatory  ventilation 
(HFOV)  is  a  unique  form  of  high-frequency  ven- 
tilation because  expiration  is  active.""'  Delivered 
\olumes  are  usually  very  small  (even  less  than 
dead  space)  and  frequencies  very  high  (up  to  3.000/ 
min).  Volume  delivery  and  active  expiration  are 
achieved  by  a  piston  pump  or  acoustic  speaker.  Be- 
cause expiration  is  active,  shorter  expiratory  times 
can  be  used,  and  gas  trapping  may  be  less  of  a 
problem.  Extensive  laboratory  research  has  been 
performed  using  HFOV.  but  clinical  trials  have 
been  limited. 

HFV  has  been  used  to  apply  pressure  changes  ex- 
ternally to  the  chest  wall."  This  modification  could 
avoid  upper-airway  and  parenchymal  damage  as- 
sociated with  endotracheal  intubation.  External 
high-frequency  oscillations  improve  blood  gases  in 
normal  and  surfactant-deficient  adult  cats."  This 
technique  is  reminiscent  of  the  negative-pressure 
ventilators  that  were  successfully  used  in  neonates 
with  RDS  in  the  past.  New  modiflcations  may  fa- 
cilitate effective  ventilation  through  the  application 
of  pressure  changes  to  the  chest  wall  without  the 
previously  encountered  problems  (frequent   uiler- 


ruplions.  leaks).  However,  this  technique  has  not 
been  tested  in  human  neonates. 

Despite  many  differences,  the  various  high- 
frequency  ventilators  share  many  functional  char- 
acteristics. An  in-vitro  evaluation"'  of  eight  com- 
mercially manufactured  neonatal  high-frequency 
ventilators  (including  HFJV,  HFFI.  and  HFOV 
modes)  revealed  that,  independent  of  the  ventilator 
type,  delivered  tidal  volume  decreased  with  in- 
creasing ventilatory  frequencies  or  decreasing  en- 
dotracheal tube  size  but  was  relatively  insensitive 
to  lung  compliance. 

Gas  Exchange  during  High-Frequency 
Ventilation 

Because  adequate  gas  exchange  can  occur  at  Vjs 
smaller  than  dead-space  volumes,  mechanisms  oth- 
er than  bulk  (convective)  gas  transport  must  be  in- 
volved. Gas  transport  by  convection  occurs  during 
HFV  if  Vts  larger  than  dead-space  volume  are  em- 
ployed. However,  alveoli  located  close  to  the  air- 
way get  direct  ventilation  at  Vjs  smaller  than  dead- 
space  volume.  Direct  ventilation  is  not  restricted  to 
HFV,  because  it  is  well  known  that  some  CO:  elim- 
ination occurs  during  spontaneous  breathing  at  very 
small  Vjs.  A  mechanism  called  pendelluft  (the  ex- 
change of  gas  among  lung  units  with  different  time 
constants).  ma\  account  for  some  of  the  gas  ex- 
change that  occurs  even  when  Vjs  are  smaller  than 
dead-space  volume.  Photographic"  and  asymmetric 
alveolar  pressure'"'  data  support  the  existence  of 
this  mechanism  of  gas  exchange  during  HFV. 

Other  mechanisms  may  also  explain  the  en- 
hanced gas  exchange  during  HFV.  However,  less 
evidence  for  their  existence  is  available.  Gas  veloc- 
ity is  higher  in  the  center  of  the  airway,  and  veloc- 
ity profiles  differ  during  inspiration  and  expiration. 
This  mechanism  (called  streaming)  effectively  re- 
duces tiead  space  because  gases  in  the  center  of  the 
airways  inove  preferenliall\  lorwanl  while  the  mar- 
ginated  dead-space  volume  has  a  net  backward 
movement."  Turbulence  due  to  high-frequency  ve- 
locity fluctuations  and  augmented  diffusion  may 
also  enhance  gas  exchange  during  HFV.  It  is  un- 
clear which  of  these  mechanisms  of  gas  transport 
occurs  with  each  of  the  iikhIcs  oI  HFV  and  what 
relati\c  efiect  llicsc  mechanisms  ha\c  ui  imprin  ing 
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gas  exchange.  Furthermore,  it  is  also  unknown 
whether  the  importance  of  these  mechanisms  is  de- 
temiined  by  the  mechanical  properties  of  the  res- 
piratory system  or  the  disease  process. 

Carbon  Dioxide  Kliminatiun 

The  most  consistent  observation  about  gas  ex- 
change during  HFV  is  that  CO:  elimination  is  usu- 
ally easily  accomplished.  Most  rescue  and  con- 
trolled trials  have  reported  that  a  decrease  in  PaCO: 
follows  the  use  of  HFV.  The  improved  CO:  elim- 
ination is  in  part  due  to  the  increased  \fe  that  HFV 
allows.  In  addition,  Vjs  smaller  than  dead  space 
may  be  sufficient  for  adequate  gas  exchange  to  oc- 
cur during  HFJV^'  and  HFOV^'""  However,  CO: 
elimination  during  both  HFJV"  and  HFOV"  is  pre- 
dominantly determined  by  tidal  volume  rather  than 
by  frequency.  Because  it  is  usually  difficult  in  the 
clinical  setting  to  measure  tidal  volume  during 
HFV,  CO:  elimination  is  achieved  by  adjusting 
pressure  amplitude  difference  between  peak  in- 
spiratory pressure  (PIP)  and  positive  end-expiratory 
pressure  (PEEP)  (Fig.  I).-'  Although  CO:  elimina- 
tion is  easily  accomplished  with  most  forms  of  HFV. 
caution  should  be  exercised  to  prevent  gas  trapping 
because  this  may  cause  paradoxic  CO:  retention.-' 
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Fig.  1.  The  effect  of  pressure  amplitude  (difference  be- 
tween peak  inspiratory,  PIP,  and  positive  end-expiratory 
pressure,  PEEP)  on  PaC02  in  an  infant  with  RDS  during 
HFJV.  Pressure  changes  were  performed  in  random  or- 
der. PaCO?  decreased  as  pressure  amplitude  was  in- 
creased. (Reprinted,  with  permission,  from  Reference  38.) 


Oxygen  LIptake 

Reports  on  the  efficacy  of  oxygenation  during 
HFV  are  mixed.  Understanding  of  oxygenation  is 
not  as  well  defined  as  that  of  CO:  elimination:  in- 
creases, decreases,  or  no  changes  in  oxygenation 
have  been  reported  during  HFV.  However,  initial 
.studies  paid  little  attenlion_to  mean  lung  volume 
and  mean  airway  pressure  (Paw)-  As  with  CV,  stud- 
ies have  shown  that  during  HFV,  oxygenation  is 
largely  determined  by  R.^  (Fig.  2),-"  and  the  main- 
tenance of  an  adequate  lung  volume."  Accordingly, 
maneuvers  that  recruit  lung  volume  also  improve 
oxygenation.'"  However,  overdistention^  and  gas 
trapping  (for  example,  with  very  high  Pa^)  cause 
ventilation-perfusion  mismatch  and  impair  oxy- 
genation. 
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Fig.  2.  The  effect  of  Paw  on  Pa02  during  HFJV  on  the 
same  infant  as  in  Figure  1.  Pressure  changes  were  per- 
formed in  random  order.  PgOo  improved  as  Pgw  was  in- 
creased. (Reprinted,  with  permission,  from  Reference 
38.) 

Clinical  Experience  with  High-Frequency 
Ventilation 

Respiratory  Distress  Syndrome  and 
Respiratory  Failure 

High-Prequency    Positive-Pressure   Ventilation. 

Heijman  and  Sjijstrand-  developed  the  first  proto- 
type of  HFPPV  for  neonates.  Using  frequencies  of 
60  to  90/min,  they  successfully  ventilated  3  of  5  ne- 


RESPIRATORY  CARE  •  JUNE  'Qj  Vol  36  No  6 


599 


NEONATAL  AND  PEDIATRIC  HFV 


onates  who  had  RDS.  Subsequently.  Bland  ct  aP 
modified  conventional  pressure-  or  volume-limited 
ventilators  to  attain  rates  of  fi()-ll()/min.  and  ad- 
equately ventilated  24  preterm  infants  with  RDS 
(average  birthweight  1,244  g)  throughout  the  pe- 
riod that  they  required  assisted  ventilation.  Despite 
the  low  birthweight  and  immaturity  of  these  in- 
fants, a  high  percentage  (92%)  of  them  survived. 

Following  these  observations,  controlled  studies 
were  carried  out  to  determine  whether  HFPPV  was 
superior  to  CV.  Boros  and  CampbelT  performed  a 
controlled,  crossover  study  comparing  HFPPV  at 
rates  of  66  ±  10/min  versus  "low-frequency,  high- 
tidal  volume"  in  10  neonates  with  severe  lung  dis- 
ease, mostly  RDS.  Improved  CO:  elimination  was 
noted  during  the  period  of  HFPPV.  Although  these 
investigators  observed  a  fall  in  PaO:  during  HFPPV. 
an  inadvertent  reduction  in  Paw  occurred.  In  a  large 
controlled  trial  of  neonates  with  RDS  or  pneu- 
monia (51  patients).  Heicher  et  aP  demonstrated 
that  HFPPV  markedly  decreased  the  incidence  of 
pneumothorax  while  PIP  was  reduced.  Other  stud- 
ies have  more  recently  confirmed  that  adequate  gas 
exchange  may  be  achieved  with  HFPPV  in  crit- 
ically ill  neonates.'^"-'  It  should  be  noted  that 
many  neonatal  studies  have  reported  the  use  of  con- 
ventional ventilators  at  rates  above  6()/min,  but 
have  not  used  the  term  HFPPV. 

High-Frequency  Jet  Ventilation.  In  1983,  Pokora 
et  al"  reported  the  first  use  of  HFJV  in  10  neonates 
with  respiratory  failure.  These  investigators  em- 
ployed rates  of  260  ±  50/min  and  observed  a  re- 
duction in  the  alveolar-arterial  Po:  gradient  and 
Paco;  during  HFJV  as  compared  to  CV.  However, 
their  success  was  adversely  affected  by  the  de- 
velopment of  necrotizing  tracheobronchitis  and  fa- 
tal tracheal  obstruction.  In  a  larger  group  of  pa- 
tients treated  by  this  group  of  investigators,  44%  of 
the  infants  developed  tracheobronchitis."' 

We  used  a  jet  ventilator  in  a  crossover  study  of 
12  infants  with  RDS  who  were  ventilator  de- 
pendent to  determine  whether  a  short  period  of 
HFJV  allowed  reduction  of  airway  pressures.'' 
Each  infant  was  studied  on  CV  prior  to  and  after  a 
I-  to  3-hour  period  of  HFJV.  A  rate  of  2.5()/min 
was  employed  at  an  I-E  ratio  of  1 :3  to  1 :4.  Average 
PIP  decreased  from  29  ±  3  cm  H  ()  during  CV  to 


20  ±  4  cm  H;0  during  HFJV,  and  Paw  decreased 
from  14  ±  3  to  10  ±  2  cm  H:0.  Despite  attempts  to 
maintain  normocapnia  (according  to  the  protocol), 
a  simultaneous  decrease  in  PaCO:  was  seen  from  39 
±  4  to  34  ±  4  ton-  with  the  use  of  HFJV.  Pao:. 
PEEP,  and  cardiovascular  parameters  did  not 
change.  These  data  indicate  that  short-term  HFJV 
maintains  or  improves  gas  exchange  in  infants  with 
RDS  despite  a  reduction  in  airway  pressures.  These 
short-term  effects  of  HFJV  on  gas  exchange  have 
been  confirmed  by  others."* 

To  determine  whether  these  effects  are  long- 
lasting  and  whether  they  result  in  reduced  bar- 
otrauma, 40  ventilator-dependent  infants  with  RDS 
were  randomized  to  receive  either  CV  exclusively 
or  HFJV  for  a  period  of  48  hours  with  subsequent 
return  to  CV.-"  Despite  comparable  oxygenation  in 
both  groups,  infants  treated  with  HFJV  had  lower 
PaCO:  and  Paw-  confirming  the  initial  observation 
that  CO:  elimination  is  enhanced  by  HFJV  despite 
reduced  airway  pressures.  Furthermore,  bron- 
choscopies did  not  reveal  evidence  of  necrotizing 
tracheobronchitis  or  bronchial  obstruction  fol- 
lowing HFJV.  From  this  study  it  was  concluded 
that  HFJV  can  be  used  effectively  in  the  ventilatory 
management  of  neonates  with  RDS.  without  an  in- 
crea.se  in  the  incidence  of  side  effects.  Even  though 
some  complications  of  barotrauma  (eg,  air  leaks) 
were  decreased  by  50%,  the  sample  was  too  small 
to  establish  a  statistically  significant  effect. 

Gonzalez  et  al"  using  HFJV  have  confimied  these 
observations  in  6  neonates  with  persistent  gas  leaks 
through  thoracotomy  tubes.  They  also  demonstrat- 
ed that  the  flowrate  of  the  air  leak  decreased  mark- 
edly at  the  same  time  that  HFJV  allowed  a  re- 
duction in  the  Paw-  Thus,  HFJV  may  reduce  flow 
through  a  bronchopleural  fistula  and  promote  its 
healing. 

We  have  recently  finished  a  randomized  study  of 
42  patients  that  addressed  the  question  of  efficacy 
of  HFJV  during  a  prolonged  ventilatory  course.^"  In 
this  study,  infants  randomized  to  HFJV  were  ven- 
tilated exclusively  with  Jet  ventilation  for  as  long  as 
a  ventilator  was  required  (up  to  28  days).  Separate 
sequential  analyses  were  performed  for  mortality, 
air  leaks,  bronchopulmonary  dysplasia,  and  intra- 
ventricular hemorrhage.  Crossover  and  a  combined 
analysis   were    performed,    with    dealii    overriding 
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other  outcome  variables.  Fnrollnient  was  com- 
pleted when  the  combined  analysis  reached  the  se- 
quential design  boundary  indicating  no  treatment 
difference  (Fig.  3).  In  support  of  short-term  studies. 
PaCO:  was  lowered  by  HFJV  while  R^^  was  re- 
duced. Despite  the  improved  gas  exchange  during 
HFJV,  neither  bronchoscopy  nor  clinical  course  re- 
vealed an  increase  in  airway  complications.  De- 
spite the  optimism  from  earlier  research  reports, 
this  relatively  small  study  suggests  that  early  use  of 
HFJV  does  not  prevent  or  substantially  reduce  mor- 
tality or  morbidity  associated  with  assisted  ventila- 
tion, even  though  short-term  benefits  in  gas  ex- 
change and  airway  pressures  occur.  Mortality  (19% 
in  HFJV  vs  24%  in  CV)  and  the  incidence  of  air 
leaks  (48%  vs  52%),  bronchopulmonary  dysplasia 
(39%  vs  41%),  intraventricular  hemorrhage  (33% 
vs  43%),  and  crossover  (14%  vs  24%)  did  not  dif- 
fer significantly  between  the  treatment  groups. 
Crossover  criteria  were  defined  as  a  PaO:  <  50  torr 
or  respiratory  acidosis  with  pH  <  7.25  for  two  con- 
secutive blood  gas  detenninations  despite  increased 
ventilatory  support  w  hen  Fio;  was  1 .0  and  Paw  was 
>  18cmH:0. 
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Fig.  3.  Sequential  analysis  of  combined  outcome  meas- 
ures including  mortality,  air  leaks,  bronchopulmonary 
dysplasia,  intraventricular  hemorrhage,  and  crossover. 
The  abscissa  indicates  the  number  of  untied  pairs.  The 
study  was  completed  when  the  boundary  indicating  no 
difference  was  reached.  (Reprinted,  with  permission. 
from  Reference  40.  i 


A  reporf"  on  two  groups  of  patients  treated  with 
the  Bunnell  Life  Pulse  Ventilator  at  multiple  in- 
stitutions across  the  United  States  has  been  pub- 
lished. Neonates  were  treated  with  HFJV  if  severe 


respiratory  failure  was  unresponsive  to  CV.  A  con- 
trol group  was  not  studied.  Data  from  the  initial 
group  of  92  neonates  confirmed  the  observation 
from  smaller  trials  that  HFJV  permitted  a  reduction 
in  P,„  while  Paco:  was  improved.  Unfortunately, 
20  of  28  infants  who  died  had  evidence  of  tra- 
cheobronchitis, and  the  incidence  of  pneu- 
mopericardium was  unexpectedly  high.  A  second 
group  of  108  patients  was  treated  with  an  improved 
humidification  system.  When  compared  to  the  in- 
itial patients,  neonates  treated  in  this  second  phase 
had  a  reduced  incidence  of  necrotizing  trache- 
obronchitis and  pneumopericardium,  improved  sur- 
vival, and  a  reduction  in  the  incidence  of  pul- 
monary interstitial  emphysema  (PIE).  The  im- 
proved outcome  opened  the  door  for  further 
controlled  clinical  trials  with  this  ventilator. 

Recently,  the  preliminary  results  of  a  multicenter 
controlled  trial  of  HFJV  in  neonates  with  PIE  have 
been  reported.^-  Keszler  et  al  randomized  144  neo- 
nates who  developed  interstitial  emphysema  during 
the  first  week  of  life  to  treatment  with  HFJV  or 
with  "rapid  rate  CV."  Resolution  of  PIE  and  im- 
provement of  emphysema  with  reduction  in  airway 
pressures  was  used  as  success  criteria.  Forty-six 
HFJV  neonates  (61%)  met  success  criteria  com- 
pared to  25  CV  infants  (38%).  Success  criteria 
were  met  by  more  patients  crossed  over  from  CV 
to  HFJV  than  vice  versa  (43%  vs  9%).  Mean  and 
peak  pressure  decreased,  and  PaC02  improved  in  the 
HFJV  group.  No  increase  was  seen  in  the  incidence 
of  tracheal  lesions  or  other  complications  pre- 
viously reported  with  HFJV.  However,  despite 
these  observations,  mortality,  air  leaks,  bron- 
chopulmonary dysplasia,  and  other  complications 
of  CV  were  not  reduced  in  the  HFJV  group. 

We  have  also  used  HFJV  in  neonates  with  per- 
sistent pulmonary  hypertension  who  met  es- 
tablished criteria  for  a  high  predicted  mortality.'" 
Fourteen  neonates  who  had  severe  respiratory  fail- 
ure and  hypoxemia  during  CV  received  HFJV, 
while  23  comparable  infants  were  treated  ex- 
clusively with  CV.  Initiation  of  HFJV  resulted  in 
reduction  of  Paw  ^nd  PaCO:.  but  oxygenation  did  not 
improve.  Furthermore,  mortality  and  other  com- 
plications of  CV  were  not  reduced  with  HFJV. 

In  summary,  controversy  persists  regarding  the 
advantaae  of  and  indications  for  HFJV  in  neonatal 
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respiratory  diseases.  Further  clinical  trials  should 
determine  whether  HFJV  results  in  improved  out- 
conic. 

High-Frequency  Flow  Interruption.  Frantz  and 
co-workers'"  reported,  in  1983.  the  application  of 
HFFI  at  frequencies  of  3()0-120()/min  in  10  neo- 
nates with  RDS  and  5  with  PIE.  Gas  exchange 
(both  PaO;  and  Paco:)  was  improved  during  HFFI  at 
lower  PIP,  but  Paw  could  not  be  decreased.  Even 
though  this  was  an  uncontrolled  study,  resolution 
of  RDS  and  emphysema  occurred  in  most  infants. 
Gaylord  et  al  confirmed  that  blood  gases  and  air- 
way pressures  were  improved  by  HFFI  in  neonates 
with  PIE.^' 

High-Frequency     Oscillatory     Ventilation.     In 

I9S1.  Marchak  and  co-workers"  reported  a  cross- 
over, controlled  study  in  8  neonates  with  RDS,  us- 
ing HFOV  at  rates  of  480-1200/min  for  1-  to  4- 
hour  periods.  Oxygenation  was  improved  during 
HFOV:  but  in  3  infants  in  whom  airway  pressure 
was  measured,  the  increase  in  PaO:  was  found  to 
depend  on  increases  in  Pa^. 

The  National  Institutes  of  Health  sponsored  a 
large  multicenter  trial  to  test  the  efficacy  and  safety 
of  HFV  in  patients  at  risk  for  bronchopulmonary 
dysplasia.^  After  careful  evaluation  of  commercial- 
ly available  high  frequency  ventilators,  an  HFOV 
ventilator  (the  Hummingbird)  was  selected  for  this 
trial.  Premature  infants  less  than  2  kg  who  required 
any  ventilatory  support  were  randomized  to  either 
HFOV  or  CV.  HFOV  was  used  at  a  fixed  fre- 
quency of  900/min,  and  volume  recruitment  ma- 
neuvers were  employed.  In  this  well-designed 
study,  the  incidence  of  bronchopulmonary  dys- 
plasia was  similar  in  the  two  groups  (Table  2). 

Tabic  2.  Major  Outcomes  for  the  Multicenter  HFOV  Trial  "* 


CV 

HFOV 

p  value 

n  =  346 

n  =  327 

Bronchopulmonary  dysplasia 

41% 

40% 

0.79 

Mortality  al  28  days 

17% 

18% 

0.73 

Air  leak  (any  type) 

38% 

45% 

0.05 

Graded  and  4  I VI I 

18% 

26%' 

0.02 

Periventricular  leukoiualacia 

on 

7% 
HFOV  = 

12% 
hiiih-lrci 

0.05 

*  CV  =  conventional  venlilal 

uency  os- 

cillatory  ventilation;  IVH  = 

intraventricular  hemorrhage. 

HFOV  did  not  reduce  mortality  or  the  level  of  ven- 
tilatory support  during  the  first  28  days  of  life.  Fur- 
thermore, HFOV  resulted  in  an  increased  incidence 
of  air  leaks.  Grades  3  and  4  intraventricular  hem- 
orrhage, and  periventricular  Icukomalacia.  These 
results  indicate  that  HFOV,  as  used  in  this  trial,  of- 
fers no  advantage  over  CV  in  this  patient  popula- 
tion. It  is  possible  that  the  use  of  HFOV  in  other 
patient  populations  or  with  other  ventilatory  strat- 
egies may  yield  different  results.  Recently,  Clark  et 
al^'  reported  on  the  early  use  of  HFOV  in  patients 
with  severe  RDS  who  were  not  failing  CV.  Eighty- 
one  patients  were  randomized  to  one  of  three- 
groups:  ( I )  CV  for  their  complete  clinical  course, 
(2)  HFOV  followed  by  CV.  and  (3)  HFOV  for  their 
complete  clinical  course.  HFOV  resulted  in  a  re- 
duction of  bronchopulmonary  dysplasia  (6S7c  vs 
50%  vs  42%).  but  did  not  reduce  mortality  or  other 
complications  of  CV  (air  leaks  and  intraventricular 
hemorrhage).  Furthennore,  the  incidence  of  bron- 
chopulmonary dysplasia  remained  relatively  high 
despite  HFOV. 

HFOV  has  also  been  used  in  neonates  with  per- 
sistent pulmonary  hypertension.  Kohelet  et  al''" 
treated  41  infants  with  pulmonary  hypertension  and 
birthweights  greater  than  2.0  kg.  HFOV  improved 
blood  gases  despite  a  reduction  in  Paw  Although 
criteria  for  high  predicted  mortality  were  not  used, 
only  5  infants  died.  Cornish  et  al^'  also  used 
HFOV  in  8  infants  who  met  high  mortality  criteria 
(A-aDO,>  600  toiT  for  6  hours  (8  patients])  and  in 
7  who  had  acute  deterioration.  Seven  infants  (only 
2  of  whom  had  met  the  A-aDO.  criteria)  improved 
with  HFOV,  and  b  of  these  patients  ultimately  sur- 
vived without  need  for  extracorporeal  oxygenation. 
Infants  who  responded  to  HFOV  tended  to  be  those 
who  qualified  because  of  acute  deterioration  or.  as 
in  the  HFJV  study  described,  those  who  were 
smaller  and  more  immature. 

Bohn  et  aP  used  HFOV  in  16  neonates  with  di- 
aphragmatic hernia  and  severe  hypoxemia.  Both 
oxygenation  and  CO:  elimination  improved  during 
HFOV.  However,  only  two  patients  ultimately  sur- 
vived. As  di.scussed  before,  present  clinical  trials 
do  not  support  the  widespread  use  of  HFOV  in  neo- 
natal patients.  Further  clinical  trials  will  determine 
if  these  new  ventilatory  techniques  improve  neo- 
natal outcome. 
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Combined  HFV-Convendonal  Ventiliition.  Re- 
cently, several  investisiators  have  suceesstulls'  com- 
bined HFV  and  inleniiittenl  mandatory  ventilation 
(IMV)  in  patients  with  severe  respiratory  failure. 
Boynton  et  al"  u.sed  an  oscillator  at  a  frequency  of 
12()0/niin  combined  with  intermittent  mandatory 
ventilation  as  a  rescue  in  12  neonates  with  res- 
piratory failure  despite  CV.  Oxygenation  and  CO: 
elimination  were  markedly  improved  with  com- 
bined HFOV  despite  a  reduction  in  ?;,«  and  CV 
rate.  Gaylord  et  aF'  used  a  modification  of  HFFI 
combined  with  CV  in  9  preterm  infants  with  severe 
PIE  and  also  demonstrated  improved  gas  exchange 
at  lower  R,^,s  and  rates.  HFJV  (rates  3()()-45()/min) 
was  combined  with  CV  in  1  1  preterm  infants  by 
Donn  et  al.''  Adequate  blood  gases  were  main- 
tained— also  at  lower  PawS  than  with  CV.  Com- 
bining HFV  with  intermittent  mandatory  ventila- 
tion consistently  improves  gas  exchange  and 
pemiits  a  reduction  in  P,^^.  The  rationale  behind  the 
role  of  intemiittent  inflations  is  that  they  may  pre- 
vent or  resolve  atelectasis  that  sometimes  com- 
plicates prolonged  periods  of  HFV,  especially 
when  very  small  Vjs  are  employed. 

Other  Potential  Clinical  Uses  of  HFV 

Bronchopleural     Fistula     and     Pneumothorax. 

Pneumothorax  is  a  frequent  occurrence  in  neonatal 
ventilatory  therapy.  The  study  by  Gonzalez  et  aF" 
used  HFJV  in  6  infants  who  had  severe  pulmonary 
di.sease  and  persistent  air  leaks  via  thoracotomy 
tubes  placed  for  pneumothoraces.  When  infants 
were  treated  with  HFJV,  the  flow  through  the  bron- 
chopleural fistula  decreased.  Simultaneously.  PIP 
and  Pj^v  were  decreased  during  HFJV  while  ad- 
equate gas  exchange  was  maintained.  This  study 
confimis  previous  case  reports  describing  similar 
observations  in  animals  and  adult  patients.  How- 
ever, no  data  exist  to  indicate  that  HFV  can  prevent 
the  development  of  air  leaks.  Animal  data  suggest 
that  the  reduced  flow  through  a  bronchopleural  fis- 
tula may  be  due  to  the  decreased  P^w  t'l'^i  occurs 
with  HFJV.-"' 

Impaired  Cardiac  F'unction.  Although  several  au- 
thors have  reported  worsening  cardiac  hemo- 
dynamics during  HFV.  the  increased  Paw  employed 


in  those  studies  may  have  accounted  lor  the  ad- 
verse cardiac  effects.  Recent  animal  studies  in 
which  Paw  was  comparable  during  HFV  and  CV 
have  shown  no  change  in  cardiac  output.  In  infants 
and  children  following  cardiac  surgery,  cardiac  out- 
put either  improved  or  remained  unchanged  during 
periods  of  either  HFFP"  or  HFJV."  Interestingly, 
cardiac  output  improved  during  HFJV  in  those  in- 
fants who  initially  had  poor  cardiac  output  during 
CV.  Regardless  of  the  ventilatory  mode,  cardiac 
output  was  dependent  on  Pa«.  It  is  likely  that  the 
lower  Paw  used  during  HFV  may  reduce  the  car- 
diovascular side  effects  of  transpulmonary  pres- 
sures. 

Bronchoscopy  and  Airway  and  Thoracic  Sur- 
gery. Because  HFV  allows  adequate  gas  exchange 
with  small  Vp.  it  reduces  airway  and  thoracic  struc- 
ture movement,  which  may  facilitate  surgical  pro- 
cedures. We  have  devised  a  system  using  a  com- 
bination of  Jet  ventilation  and  constant  air  suction, 
both  of  which  deliver  gas  with  a  single  interface 
valve  that  permits  ventilation  during  bron- 
choscopy." When  tested  in  vitro  and  in  rabbits  with 
normal  lungs,  baseline  functional  residual  capacity 
remained  constant.  This  system  also  improved  ven- 
tilation when  performed  simultaneously  with  bron- 
choscopy. If  found  to  be  applicable  to  neonates, 
this  system  should  facilitate  a  safer  and  more  com- 
plete visualization  of  the  airways  during  bron- 
cho.scopy.  HFV  may  akso  facilitate  airway  and  tho- 
racic surgery  as  excursions  during  ventilation  are 
decreased.^'  When  delivered  transtracheally.  HFJV 
may  be  an  alternative  mode  of  ventilation  during 
cardiopulmonary  resuscitation.^^ 

Adult  Respiratory  Distress  Syndrome.  Although 
initial  enthusiasm  occurred  with  treatment  of  adult 
respiratory  distress  syndrome,  a  study  in  which  309 
patients  were  randomized  to  receive  either  conven- 
tional ventilation  or  HFJV  demonstrated  that  sur- 
vival and  total  duration  of  intensive  care  stay  was 
not  altered  by  the  ventilatory  mode,  despite  the 
lower  airway  pressures  required.^'  Nonetheless, 
with  their  extensive  experience,  these  investigators 
reported  few  side  effects  and  safe  application  of 
HFV. 
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Table  3.   Comparisons  of  Neonatal  High-Frequency  Ventilation  (HFV)  Studies* 


HFV 
Mode 

Authors, 
Year 

Frequency 
(cycles/min) 

Patient 
Population 

Study 
Design 

Major  Results/ 
Outcome 

HFPPV 

Heijman  &  Sjostrand,- 

1974 

60-90 

5  with  RDS 

Uncontrolled 

3/5  survived 

Bland  el  al."  1980 

60-90 

24  with  RDS 

Uncontrolled 

22/24  survived 

Boros  &  Campbell, 
1  4,S0 

66  ±  10 

10  with  RDS 

Controlled, 
crossover 

PjO;  decreased, 

PaO:  dependent  on  R,^^ 

Heicher  et  al,«  1981 

60 

5 1  with  RDS 
with  pneumonia 

Controlled 

Pneumothorax  and  PIP 
decreased 

Field  et  al,'-"  1984 

100 

17  with  RDS 

Controlled, 
crossover 

PaCO:  decreased 

Eyaletal.'^  1984 

90-180 

25  with  respiratory  failure 

Uncontrolled 

PaCO;  decreased, 
P^O:  increased 
18/24  survived 

Sedin.='  1986 

60-65 

24  with  RDS 

Uncontrolled 

23/24  survived 

HFJV 

Pokoraetal,"  1983 

260  ±  50 

10  with  respiratory  failure 

Uncontrolled 

5/10  survived,  tracheal 
obstruction  in  3 

Carlo  etal,'-  1984 

250 

12  with  RDS 

Controlled, 
crossover 

R,„,  and  Paco;  decreased 

Boros  etal,'-  1985 

248  ±  42 

34  w  ith  respiratory  failure 

Uncontrolled 

1  1/34  sunived. 

10/12  tracheobronchitis 

Donnetal,"  1985 

300  ±  450 

1  1  w  ith  respiratory  failure 

Uncontrolled 

3/1 1  survived 

Pagani  et  al.'"  1985 

250 

9  with  RDS 

Controlled, 
crossover 

Pa„  and  Paco2  decreased 

Carlo  &  Chatbum," 
1988 

250 

40  with  RDS 

Controlled, 
crossover 

Pm  and  Paco:  decreased 

Gonzalez  et  al."  1987 

420  ±  44 

6  with  pneumothorax 

Controlled, 
crossover 

Pj^y  and  Paco: decreased 

Bunnell."  1988 

92  with  respiratory  failure 

Uncontrolled 

Pa«,PlP,andPaCO: 
dccrea.sed. 

20/28  tracheobronchitis, 
increased  pneumoperi- 
cardium 

Bunnell,"  1988 

108  with  respiratory  failure 

Historic  controls 

No  increase  in 

tracheobronchitis 

or  pneumopericardiuiTi 

Carlo  et  al,''M  989  2I2±29  37  with  respiratory  failure  Historic  controls        No  reduction  in  mortalit\ 
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Table  3.   Comparisons  of  Neonatal  High-Frequency  Ventilation  Studies,  continued. 


HFV 

Authors. 

Frequency 

Patient 

Study 

Major  Results/ 

Mode 

Year 

(cycles/min) 

Population 

Design 

Outcome 

HFJV 

Spitzer  et  al.'"  1989 

420 

176  with  respiratory  failure 

Uncontrolled 

P^^  and  PaCO:  decreased. 

continued 

PaO; increased 

Keszlereta!.-'-  1990 

420 

144  with  PIE 

Controlled, 
crossover 

Rm  and  PaCO;  decreased, 
resolution  of  PIE 

Carlo  etal.'"  1990 

230 

42  with  RDS 

Controlled, 
randomized 

Pav^  and  PaCO:  decreased, 
no  reduction  in  mortality 
or  morbidity 

HFFl 

Frant/cl  al.'"  1983 

200-1200 

8  with  RDS/PIE 

Uncontrolled 

Resolution  of  PIE 

Gaylord  el  al,-'  1987 

9  with  PIE 

Controlled, 
historic  controls 

Pa^^  and  PaCO;  decreased, 
PaO;  increased 

Pfenninger  & 

600 

8  with  RDS 

Uncontrolled 

3/8  technical  problems. 

Gerber."  1987 

PaO;  improved 

HFOV 

Marchak  et  al,"  1981 

480-1200 

8  with  RDS 

Controlled, 
crossover 

PaO;  dependent  on  Pa^. 
no  reduction  in  P^^ 

Boynton  et  al."  1984 

1200 

12  with  respiratory  failure 

Uncontrolled 

P^y,  decreased 

Bohnetal."  1987 

900 

16  with  diaphragmatic  hernia 

Uncontrolled 

Blood  gas  values 
improved 

Cornish  etal,''  1987  900 

Kohelet  etal,'"  1988  900 


15  with  respiratory  failure  Uncontrolled 

41  with  respiratory  failure  Uncontrolled 


Reduced  need  for  ECMO 
36/41  survived 


Hin  Study  Group."^ 
1989 


Clark  etal.''  1990 


900 


673  prematures 


81  with  RDS 


Controlled. 
randomized 


Controlled, 

randomized 


Increased  air  leaks, 
intraventricular 
hemorrhage,  no  reduction 
in  BPD,  no  reduction 
in  P,^ 

Reduction  in  BPD 


*    HFV  =  high-frequency  ventilation. 

HFPPV  =  high-frequency  positive-pressure  ventilation. 

Pa„  =  mean  airway  pressure. 

RDS  =  respiratory  distress  syndrome. 

PIP  =  peak  inspiratory  pressure. 

HFJV  =  high-frequency  jet  ventilation. 

HFFI  =  high-frequency  flow  interruption. 

ECMO  =  extracorporeal  membrane  oxygenation. 

BPD  =  bronchopulmonary  dy.splasia. 
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Practice  of  Hi<;h-Frec|iienc.\  V i'litilation 

Wc  have  selected  three  of  tlic  many  ventilators  in 
widespread  use  that  represent  the  various  types  of 
de\  ices. 

High-Frequenc\  Jet  Ventilation.  The  Bunnell 
Life  Pulse  Jet  Ventilator*  is  a  pressure  preset,  time- 
cycled  jet  ventilator  connected  in  parallel  with  a 
conventional  infant  ventilator  and  circuit.  This  ven- 
tilator is  one  of  the  high-frequency  devices  in  wide- 
spread use  in  the  United  States  at  this  time.  It  is  ap- 
proved for  use  in  infants  with  ventilatory  failure 
vsho  develop  an  air  leak. 

Clinical  application  of  this  high-frequency  ven- 
tilator requires  a  special  triple-lumen  endotracheal 
tube.  The  main  lumen  connects  to  the  conventional 
ventilator  in  the  usual  way.  Gas  enters  the  patient 
airway  via  a  jet  injector  port  located  proximal  to 
the  endotracheal  tube  tip.  This  jet  ventilator  oper- 
ates at  frequencies  of  240-66()/min,  or  4-11  Hz, 
with  a  PIP  range  of  4-50  cm  H:0  and  an  inspiratory 
lime  range  of  0.020  to  0.03.S  seconds.  Operator 
controls  are  provided  for  PIP.  inspiratory  time,  and 
ventilatory  frequency.  Humidification  is  provided 
by  a  servo-controlled  heater-humidifier. 

Wide  swings  in  pressure  delivered  to  the  airway 
can  be  narrowed  with  jet  ventilation,  vsliilc  P_m  and 
lung  volume  are  maintained  at  low  V is  and  the  fre- 
quency of  conventional  intermittent  mandatory 
ventilation  (IMV)  is  reduced.  However,  low  'back- 
ground' IMV  (2-10/min)  is  recommended  to  main- 
tain lung  volume  and  prevent  progressive  atelecta- 
si.s. 

HFJV  is  started  by  imposing  jet  ventilation 
breaths  at  a  rate  of  around  42()/min  at  peak  pres- 
sures of  approximately  9()'/r  of  the  conventional 
PIP.  with  a  jet  inspiratory  lime  of  0.02  seconds. 
1  he  PIP  on  the  conventional  ventilator  is  usually 
kept  at  about  10  cm  H:0  above  the  III'JV  PIP. 
IMV  is  rapidly  reduced  over  several  minutes  to^he 
desired  background  rate.  As  IMV  is  reduced,  P;,w 
may  fall,  and  HFJV  PEEP  may  have  to  be  raised  to 
maintain  the  P,,. . 


*  Suppliers  arc  idcntillcil  in  iIk-  I'loiliii,!  Siuirccs  scclion  ;it  the 
enil  ol  the  text. 


As  uiili  the  other  high-frequency  ventilators. 
strategies  for  management  of  gas  exchange  with 
IIIJV  include  maintenance  of  lung  volume  by 
means  of  various  aUeolar  recruitment  procedures 
and  other  ventilator  .setting  changes.  Management 
of  adequate  oxygenation  depends  upon  main- 
tenance of  lung  volume:  so,  any  process  that  allows 
lung  volume  to  fall  (such  as  suctioning)  may  need 
to  be  folk)ued  by  volume  re-recruitment  pro- 
cedures. Conventional  IMV  rate  and  PIP  can  be 
temporarily  increased  for  brief  periods  to  restore 
volume. 

Oxygenation  is  optimized  by  adjustments  in  P.|vi, 
and  F|(j:  (Fig.  1).  With  lung  underexpansion  as  in 
RDS,  P|„  is  augmented  by  increasing  PIP.  PEEP, 
frequency,  or  inspiratory  time.  Usually.  PEEP  is 
the  variable  adjusted  upward,  to  raise  P^,,.  if  oxy- 
genation is  poor  and  ventilation  is  adequate.  If  oxy- 
genation is  poor  and  the  lungs  appear  to  be  over- 
expanded,  then  excessive  pressure  or  gas  trapping 
should  be  suspected.  In  this  situation,  oxygenation 
might  improve  with  reduction  in  P^^^. 

CO:  elimination  depends  strongly  on  Vj  (Fig.  2) 
and  is  somewhat  affected  by  frequency.'^  Vt  is  de- 
termined by  the  pressure  amplitude  or  gradient 
(PIP-PEEP).  Decreasing  PEEP  or  increasing  PIP 
increases  the  pressure  gradient  and  improves  CO: 
elimination.  If  this  fails  to  improve  CO:  elimina- 
tion, an  increase  in  frequency  can  be  attempted. 

Conversely,  as  ventilation  improves  and  P;iCO: 
falls.  PIP  is  reduced,  decreasing  the  pressure  gradi- 
ent. Once  Fi():  is  less  than  approximately  0.7,  PEEP 
is  reduced  as  oxygenation  improves.  Once  both 
HFJV  and  conventional  ventilator  PIP  are  below 
approximately  \5  cm  H:0,  only  HFJV  PIP  is  fur- 
ther reduced.  Frequency  is  grailually  reduced  to 
around  3(iO/min.  and  the  patient  can  usually  be  ex- 
tu  baled. 

Hiyh-Fiequency  Flow  Interruption.  1  he  Inlant 
Star  High-Frequency  Ventilator  is  a  computerized, 
pressure-limited,  conventional  ventilator  with  a  so- 
lenoid-controlled How  interrupter  that  optionally 
delivers  high-frequency  ventilation  between  'con- 
ventional' IMV  breaths,  flnlike  most  interrupters, 
an  active  expiratory  phase  is  achieveil  through  both 
an  inertial  effect  and  via  maintenance  of  sub- 
ainbienl  pressures  ui  ihe  evhalaliun  arm  ol  the  cir- 
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cuit.  These  pressure  differentials  arc  produced  with 
a  jet  venturi  system  near  the  exhalation  valve  and 
aid  in  creating  the  active  expiratory  phase.  Thus,  in 
some  ways,  the  Infant  Star  High-Freciucncy  Ven- 
tilator behaves  as  an  oscillator  and  is  appropriately 
considered  as  such  by  some  clinicians  and  in- 
vestigators. Pressure  changes  can  be  delivered  over 
a  wide  range  of  frequencies,  though  little  ex- 
perience has  been  gained  at  frequencies  <  10  or  >  2 
Hz. 

The  Infant  Star's  HFV  component  is  approved  for 
use  in  infants  receiving  CV  who  develop  an  air 
leak.  The  Infant  Star  is  usually  begun  at  a  fre- 
quency of  60U/min  ( 10  Hz)  with  R.^^  starting  at  the 
same  level  as  with  CV.  Amplitude,  reflected  as  a 
dimensionless  number  on  a  digital  display,  is  ad- 
justed until  active  vibration  of  the  baby's  chest  is 
observed.  This  degree  of  chest  expansion  is  usually 
sufficient  to  achieve  adequate  CO:  elimination. 
IMV  is  reduced  over  a  half-hour  period  to  about 
10/min,  and  P^^^  is  adjusted  using  the  CPAP  control 
knob. 

COi  elimination  is  usually  easily  managed  by  ad- 
justment of  the  amplitude;  but  to  achieve  a  suf- 
ficient pressure  gradient,  it  is  necessary  to  have  a 
minimal  compressible  volume  in  the  ventilator 
circuit.  To  this  end,  a  short,  noncorrugated  Tygon 
circuit  is  used  in  combination  with  a  special  hu- 
midification  chamber  constructed  to  minimize 
compressible  volume. 

Once  oxygenation  is  adequate  and  Fio:  is  below 
approximately  0.7,  Paw  is  reduced  by  decreasing 
the  CPAP  (PEEP).  Ainplitude  is  adjusted  down- 
ward (decreasing  the  HFV  PIP)  as  PaCO:  falls. 
When  amplitude  is  minimal  there  will  be  no  chest 
vibration.  At  this  point,  the  baby  is  usually  re- 
ceiving minimal  pressure  support  at  low  IMV.  and 
HFV  can  be  discontinued,  and  the  baby  can  be  ex- 
tubated  soon  thereafter. 

The  Infant  Star  High-Frequency  Ventilator  is  sen- 
sitive to  endotracheal-tube  internal  diameter.  De- 
livered pressure  is  proportionately  attenuated  by 
smaller  tube  diameters  or  by  an  obstruction,  such 
as  mucus  plugging.  We  try  to  use  the  largest  ac- 
ceptable tube  diameter  and  respond  to  sudden  de- 
compensations in  ventilation  or  oxygenation  by 
looking  for  obstruction  of  the  tracheal  tube. 


Hif;h-Freqiii'ncy    Oscillatory    Ventilation.    The 

ScnsorMedics  .^100  Oscillatory  Ventilator  is  a  true 
piston-pump  oscillator.  The  active  expiratory  phase 
offers  the  theoretical  advantage  of  preventing  air 
trapping.  Our  experience  with  this  device  has  found 
9()0/min  (\5  Hz)  to  be  the  frequency  at  which  most 
infants  are  ventilated  best.  Paw  and  oscillatory  pres- 
sure amplitude  (referred  to  as  power)  are  varied  by 
increasing  displacement  of  the  piston.  Inspiratory 
time  of  approximately  3.^'/f  of  the  cycle  (I:E  of  1 :2) 
is  more  commonly  used.  The  piston  pump  creates  a 
nearly  square  pressure  waveform,  which  airway  re- 
sistance (mostly  in  the  endotracheal  tube)  attenu- 
ates to  a  more  triangular  form. 

The  strategy  for  ventilation  of  the  infant  at  risk 
for  air  dissection  takes  advantage  of  the  assumption 
that  PIP  is  the  cause  of  airway  rupture.  HFV  can 
deliver  a  comparable  Pa^  and  eliminate  CO:  at  low- 
er peak  inflation  pressures.  Therapy  is  initiated,  as 
with  the  Infant  Star,  by  adjusting  oscillatory  pres- 
sure amplitude  just  high  enough  to  produce  visible 
chest-wall  vibration.  If  maximal  amplitudes  do  not 
improve  CO:  removal  sufficiently,  then  frequency 
can  be  reduced  from  900  to  6()0/min  (15  Hz  to  10 
Hz).  With  frequency  reduction,  less  attenuation  of 
the  amplitude  occurs  in  the  endotracheal  tube,  thus 
preserving  a  higher  amplitude  to  the  airway  and 
lungs.  If  respiratory  acidosis  still  does  not  improve 
with  this  maneuver,  then  inspiratory  time  can  be  in- 
creased toward  50%. 

Oxygenation  is  managed  by  increasing  Paw  to  a 
level  10%  above  that  used  with  conventional  ven- 
tilation. As  compliance  improves,  Fio:  is  reduced 
to  approximately  0.7,  then  Paw  reduction  is  begun. 
When  Paw  is  down  to  10  to  12  cm  H:0,  amplitude 
is  less  than  30,  and  air  leaks  (if  present)  have  re- 
solved, the  patient  may  tolerate  weaning  to  conven- 
tional ventilation. 

In  summary,  the  practice  of  high-frequency  ven- 
tilation is  still  in  its  infancy  (Table  3).  Not  enough 
data  exist  to  accurately  predict  which  groups  of  in- 
fants will  benefit.^'""  although  at  this  time  it  seems 
that  the  infant  most  likely  to  benefit  is  the  tiny, 
ventilator-dependent  infant  at  risk  for  air  leak  phe- 
nomena or  the  neonate  who  has  already  ex- 
perienced air  leaks.  Further  studies  should  de- 
lineate differences  among  the  various  high- 
frequency  ventilators  and  their  applications  to  clin- 
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ical  practice  and  shdiild  open  pathways  into  the  in- 
vestigation of  iatrogenesis  with  the  use  of  these 
new  therapies. 

PRODUCT  SOURCES 

Ventilator  Circuit  Tubinjj: 

Tvgoii.  Nonon  Co.  Woivcstcr  MA 

Ventilators: 

Life  Pulse  Jet  Ventilator,  Bunnell  Inc.  Salt  Lake  City  UT 
Infant  Star  High-Frequenc>  Ventilator.  Infrasonics  Inc. 

San  Diego  CA 
SensorMedics  3100  Oscillatory  Ventilator, 

SensorMedics  Corp.  Yorba  Linda  CA 
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Carlo  Discussion 

O'Rourke:  In  one  of  his  studies,  de- 
Lemos  and  inis  group'  took  infants 
wiio  met  ECMO  criteria  and  first  of- 
fered them  oscillation.  About  half  of 
them  improved  with  the  oscillator 
and  half  went  on  to  ECMO.  The 
group  that  did  well  with  the  os- 
cillator were  those  infants  with  fairly 
homogeneous  lung  disease  (ie,  pneu- 
monia). The  groups  that  did  not  do 
well  had  concomitant  cardiovascular 
compromise.  This  suggests  that  some 
infants  with  persistent  fetal  circula- 
tion may  in  fact  respond  to  HFV.  but 
the  response  may  be  dependent  on 
the  primary,  precipitating  disease. 

I .  Carter  JM.  Gcrstmann  DR.  Clark  RH, 
et  al.  High-trequency  oscilkilory  ven- 
tilation and  extracorporeal  membrane 
oxygenation  for  the  treatment  of  acute 
neonatal  respiratory  failure.  Pediatrics 

Carlo:  Yes.  I  did  not  present  those 
data  because  they  are  similar  to  our 
results.  With  jet  ventilation,  we 
found  that  premature  babies  with 
RDS  were  the  infants  who  survived: 
whereas,  meconium-aspiraiion  ba- 
bies did  not  survive. 
Barnes:  Did  1  hear  you  say  ihat  with 
high-frequency  oscillation  the  fre- 
quency isn't  that  important?  1  think 
that  some  people  believe  that  you 
need  to  use  \5  Hz  to  get  the  effect 
you're  looking  for.  1  thought  the  slide 
that  you  showed  said  that  liilal  vol- 
ume was  more  important  than  os- 
cillation frequency'? 
Carlo:  Ma\be  that's  when  1  switched 
to  Spanish.  No.  I  didn't  sa\  that  it 
was  not  important.  I  think  thai  lew 
studies  have  looked  at  high- 
frequency  o.scillatory  venlilalion. 
Most  invesiigators  use  l.S  11/  and 
think  ii  is  ihe  best  frequency  because 
a  strong  effect  of  frequency  has  not 
been  reported,  whereas  tidal  volume 
markedly  affects  CO.  eliminalion. 
So,  it's  just  maybe  a  compromise  in 


what's  more  important  to  change. 
And,  even  though  we  have  found  Ihe 
effects  of  frequency  .sometimes  nec- 
essary, we  tend  to  prefer  to  make  ti- 
dal volume  changes  as  opposed  to 
frequency  changes. 
■lobe:  A  significant  difficulty  with 
attempts  to  introduce  new  ventilatory 
techniques  (such  as  o.scillation  and 
jet  ventilation)  is  thai  we  are  still  try- 
ing to  learn  how  to  use  conventional 
ventilation  in  different  disease  states. 
The  nonunifonn  application  of  con- 
ventional techniques  makes  inter- 
pretation of  results  in  infants  that 
have  failed  conventional  techniques 
difficult.  Also,  there  will  be  long  and 
complex  learning  curves  for  the  use 
of  these  new  techniques  in  different 
patient  populations.  1  was  impressed 
at  the  Snowbird  High  Frequency 
Conference  last  year  with  the  num- 
ber of  abstracts  describing  problems 
with  the  use  of  high-frequency 
equipment.  The  use  of  sustained  in- 
flation to  achieve  higher  lung  vol- 
umes followed  by  oscillation  has 
been  proposed  as  an  optimal  strategy 
to  minimize  lung  damage.'  However, 
without  techniques  to  measure  lung 
volume  this  strategy  can  be  very  dan- 
gerous because  overintlation  can  be 
as  damaging  as  underinflation. 

1.  McCulloch  PR.  Forkert  PG.  Froese 
AB.  Lung  volume  maintenance  pre- 
vents lung  injury  during  high  fre- 
c|uency  oscillatory  ventilation  in  sur- 
lactant  dcficicnl  rabbits.  Am  Rev 
RcspirDis  iySS;137:l  185-1  192. 

Carlo:  That's  a  very  good  point,  and 
1  would  like  to  comment  on  it  be- 
cause we  really  still  tlon'l  know  what 
is  the  best  way  to  use  a  high- 
frequency  ventilator.  It  has  been 
liemonstrated,  for  example,  that  sus- 
tained inflation  improves  oxy- 
genation in  surfactant-deficient 
liuigs.  anil  this  might  be  very  im- 
portant with  high-lrequenc_\  ventila- 
tion. .Atlempling  to  control  lung  vol- 
ume inlroiluees  a  verv  different  way 


of  thinking — maybe  we  ought  to  in- 
flate their  lungs  to  an  appropriate 
lung  volume  and  then  ventilate  with 
high-frequency  ventilation,  or  maybe 
we  should  use  higher  intlating  pres- 
sures. 

1 .  Walsh  MC,  Carlo  WA.  .Sustained  in- 
flation during  HFOV  improves  pul- 
monary mechanics  and  oxygenation.  J 
Appl  Physiol  1988;65:.368-372. 

Salver:  Along  the  same  avenue  of 
thtiught.  in  the  HIFI  study'  I  wonder 
what  the  magnitude  of  differences 
was  in  how  people  u.sed  and  con- 
trolled conventional  mechanical  ven- 
tilation from  center  to  center.  If  you 
look  at  the  data  from  center  to  center 
and  break  it  out  that  way,  are  there  in 
fact  significant  differences  in  the 
ability  to  prevent  BPD  using  conven- 
tional versus  high-frequency  oscilla- 
tion'? By  this  I  mean  there  tends  to  be 
enormous  variation  in  conventional 
ventilator  management  between  in- 
dividual neonatologists.  let  alone  be- 
tween centers.  Thus,  it  seems  as  if 
the  control  group  in  this  study  may 
not  have  been  well  controlled. 

1.  The  HIFI  Study  Group.  High- 
frequency  oscillatory  ventilation  com- 
pared with  conventional  mechanical 
ventilation  in  the  treatment  of  res- 
piratory failure  in  preterm  infants.  N 
Engl  J  Med  l989:.^20:88-93. 

Carlo:  Those  data  have  been  an- 
alyzed in  every  possible  way.  1 
would  say  there  are  important  differ- 
ences between  an  experiment  and  a 
clinical  trial.  In  a  controlled  experi- 
ment in  the  laboratory,  you  control 
all  the  variables.  In  a  clinical  trial 
there  are  some  things  you  cannot 
control,  and  becau.se  we  cannot  agree 
on  how  to  use  conventional  ventila- 
tion, even  withni  one  institution,  it 
woidil  have  been  impossible  to  de- 
velop a  strict  study  protocol  to  tell 
each  of  us  ln)w  to  do  conventional 
\enlilation. 


610 


RFSl'lRATORY  CARF  •  .ILINF  "91  Vol  36  No  6 


CARLO  DISCUSSION 


Goldberg:  The  HlFl  study  is  intL-r- 
esting  in  that  there  are  center  differ- 
ences in  temis  of  outcome.  Some 
showed  improvement,  some  a  wors- 
ening, and  in  some  no  effect  was  not- 
ed using  oscillation  versus  con\en- 
tional  ventilation.  The  aggregate 
statistics  show  no  difference  overall. 
What  I  find  intriguing  is  that  some  of 
the  centers  with  the  most  experience 
with  high-frequency  ventilation 
show  higher  rates  of  BPD  using  os- 
cillation compared  to  centers  with 
less  experience.  I  think  that  we 
learned  from  the  high-frequency  ven- 
tilation study  that  we  need  to  be  cau- 
tious and  to  perfomi  large  mul- 
ticenter  studies  to  adequately  evalu- 
ate new  therapies. 

Carlo:  That's  a  very  good  point. 
With  more  than  10  hospitals,  we 
could  have  written  many  individual 
papers.  Two  or  three  of  the  papers 
probably  would  have  said  that  high- 
frequency  oscillation  was  better  than 
conventional  ventilation — but  two  or 
three  other  papers  would  have  said 
that  it  was  worse.  Just  to  make  that 
point.  I  am  agreeing  of  course  with 
what  Ron  (Goldberg)  is  saying  that 
this  is  a  major  ad\antage  of  a  multi- 
center  trial. 

(loldberg:  Just  to  re-emphasize  this 
point,  review  the  use  of  phe- 
nobarbital  to  prevent  intraventricular 
hemorrhage  in  preterm  infants.  There 
are  articles  to  show  that  it  decreases, 
increases,  or  has  no  effect  on  the  in- 
cidence of  hemorrhage.  If  each  cen- 
ter published  its  findings  you  might 
have  the  confusion  of  10  articles  and 
3  possible  outcomes. 

Fanaroff:  1  thuik  we're  starting  to 
lose  the  trees  in  the  forest  or  some- 
thing to  that  effect.  I  think  what 
you're  talking  about  with  a  big  trial 
like  that  is  avoiding  the  beta  error 
that  you  don't  avoid  w  ith  small  trials. 
In  the  individual  trials  that  you 
showed  us.  there  were  differences 
but  the  baseline  was  all  over  the 
place.  It's  only  when  you  start  getting 


numbers  in  the  (lOO  and  7(K)s  that 
you  really  answer  a  specific  question 
as  was  oul lined  at  the  start  of  the 
study.  Anil  I  ihiiik  it's  very  disturbing 
that  it  was  a  major  outcome  that  was 
negative.  And  the  point  that  Alan 
Jobe  made,  I  think,  is  a  very  telling 
one — the  ventilator  that  was  used 
during  the  siutly  was  one  that  nobody 
had  any  experience  with  and  it  was  a 
learning  curve  going  into  the  study. 
Carlo:  It  was  a  new  ventilator:  how- 
ever, the  design  of  the  ventilator  cho- 
sen followed  previously  used  ven- 
tilators. It  was  selected  by  some  of 
the  experts  in  the  field.  In  addition, 
one  could  argue  that  the  study  may 
have  saved  a  lot  of  lives  because  it 
was  done  before  the  widespread  use 
of  high-frequency  oscillatory  ventila- 
tion. 

Ha/inski:  Av  (Fanaroff).  I  thought 
the  point  you  were  going  to  make 
was  that  despite  the  power  of  that 
multicenter  trial,  it  has  failed  to  con- 
vince manufacturers  not  to  build 
them  and  hospitals  not  to  buy  them. 
As  people  who  have  responsibility 
for  training  others,  I'm  sure  we  teach 
that  the  gold  standard  of  clinical  re- 
search is  to  perfomi  randomized 
trials.  And,  yet,  some  people  do  not 
seem  to  be  convinced  by  it.  That's 
my  comment. 

My  question  to  you  Wally  (Carlo) 
is:  I  like  your  illustration  of  the  see- 
saw, but  clinicians  have  to  decide 
when  to  use  or  not  to  use  this  thing. 
So  I  want  to  ask  you.  are  you  using 
jet  ventilatiiui  on  patients  that  you 
ihink  are  not  hopeless'.' 
Carlo:  Yes,  we  do.  We  would  rather 
use  it  more  for  research.  But  in  the 
meantime  while  we  have  to  do  re- 
search, we  get  clinicians  who  ask  us 
to  use  it  with  their  patients.  Patients 
who  are  dying  with  severe  hyper- 
capnia  tend  to  have  resolution  of  hy- 
percapnia  soon  after  high-frequency 
jet  ventilation  is  begun.  Patients  on 
very  high  pressures  who  may  have 
reduced  cardiac  output  ina\  improve. 


Patients  with  bronchopleural  fistula 
may  also  improve.  Those  are  our 
usual  intlicalions.  We  have  used  it 
lor  Plli  (pulmonar>  interstitial  em- 
physema), but  we  are  not  convinced 
of  what  lo  tlo  w  ith  PIE.  although  the 
raiKk>mi/ed  nuilticenter  trial  of  jet 
ventilation  in  these  patients  revealed 
positive  results. 

Ha/Jnski:  fennessee  is  real  close  to 
Alabama.  I'm  just  wondering  what 
we  will  have  to  do  now  that  ... 
Koff:  Could  I  jump  in  here  for  a 
ininute'.'  One  thing  that  strikes  me 
about  all  the  studies  with  high- 
frequency  ventilation  is  that  most  of 
them  were  completed  before  sur- 
factant administration  had  really 
come  into  play.  Alan  (Jobe),  will  you 
comment  on  the  relationship  between 
surfactant  and  BPD  outcome?  Do 
you  think  that  surfactant  will  be  one 
of  the  factors  that  is  controlled  in 
continued  studies  of  high-frequency 
ventilation'.' 

,Jobe:  Most  babies  with  RDS  will 
probably  improve  enough  with  sur- 
factant treatments  so  that  non- 
conventional  ventilation  techniques 
will  not  be  needed.  However,  we  will 
be  left  with  a  number  of  babies  with 
other  problems  such  as  pulmonary 
hypoplasia,  meconium  aspiration, 
pneumonia,  and  pulmonary  hyper- 
tension with  respiratory  failure. 
Some  of  these  infants  may  respond 
to  surfactant  such  that  experimental 
ventilatory  techniques  and  ECMO 
can  be  avoided.'  Surfactant  treat- 
ments should  decrease  the  number  of 
infants  reqinring  special  treatments 
for  respiratory  lailiu'e. 

I.  Allien  RL.  Nottcr  RH,  Kendig  JW, 
Davis  JM.  Shapirci  DL.  Surfactant 
licatiiicnt  of  full-term  newborns 
with  respiratory  failure.  Pediatrics 
1991:87:101-107. 

Carlo:  There's  a  multicenter  trial  be- 
ing designed  that  will  look  at  wheth- 
er surfactant  will  help  in  combina- 
tion with  jet  ventilation. 
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O'Rourke:  Most  of  your  cases  have 
been  neonates;  even  in  this  relatively 
homogeneous  group  of  patients,  the 
indications  for  HFV  are  uncertain. 
As  HFV  enters  the  armamentarium 
for  pediatric  patients  (non-neonates), 
don't  you  agree  that  there  will  be 
even  more  difficult  questions?  This 
older  group  of  patients  are  more  var- 
ied in  terms  of  age  and  etiology  of 
disease. 
Carlo:  Yes,  I  think  that's  a  very  im- 


portant observation,  particularly 
when  patients  now  come  in  so  many 
different  sizes.  Pulmonary  mechanics 
are  really  affected  by  patient  size  and 
disease. 

(ireen:  Wally  (Carlo),  would  you 
comment  on  mucociliary  clearance 
during  high-frequency  ventilation? 
Several  years  ago  it  was  thought  that 
mucociliary  clearance  might  actually 
be  enhanced  by  high-frequency  ven- 
tilation, and  yet  you  alluded  to  prob- 


lems with  blocking  of  ET  tubes  be- 
cause of  poor  humidification.  I'd  like 
more  data. 

Carlo:  There  were  a  lot  of  pre- 
liminary papers  or  abstracts  pub- 
lished 8  or  10  years  ago.  Not  much 
has  come  out  of  that.  1  will  say  that 
the  problem  of  airway  obstruction 
seems  to  be  secondary  to  poor  hu- 
midification and  temperature  of  the 
gas  being  used. 
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Therapeutic  Approaches  to  the  Infant  with 
Bronchopulmonary  Dysplasia 

Ronald  N  Goldberg  MD  and  Eduardo  Bancalari  MD 


Introduction 

The  management  of  bronchopulmonary  dysplasia 
(BPD)  is  fraught  with  problems — chief  among  them 
the  maintenance  of  adequate  gas  exchange  while 
avoiding  progressive  pulmonary  damage.  Therapies 
aimed  at  maintaining  gas  exchange,  such  as  oxygen 
administration  and  mechanical  ventilation,  must  be 
applied  carefully  because  they  are  associated  with 
important  complications. 

This  paper  examines  the  risks  and  benefits 
associated  with  therapies  commonly  used  to  treat 
infants  with  BPD.  However,  one  must  understand 
that  therapies  used  to  treat  and  support  infants  with 
respiratory  failure  may  aggravate  BPD.  A  general 
consideration  of  therapies  used  to  treat  infants  with 
BPD  must  include  efforts  to  attenuate  the  damaging 
effects  of  these  supportive  measures  (ie,  mechanical 
ventilation  and  oxygen  administration). 

Mechanical  Ventilation 

It  is  essential  to  limit  as  much  as  possible  the 
duration  and  intensity  of  mechanical  ventilation  and 
supplemental  oxygen  exposure  in  infants  at  risk  for 
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Gynecology,  and  Medical  Director,  NICU;  and  Dr  Bancalari 
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School  of  Medicine,  and  Jackson  Memorial  Hospital.  Miami. 
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Conference  on  Respiratory  Care  of  Infants  and  Children  held 
in  Cancun,  Mexico.  This  paper  was  supported  by  the  University 
of  Miami:  Project  New  Bom. 


BPD  because  these  therapies  are  believed  to  be  key 
factors  in  the  pathogenesis  of  this  disease. '•- 
Although  expeditious  weaning  of  these  patients  from 
mechanical  ventilation  is  of  primary  importance, 
a  gradual  weaning  approach  often  must  be  employed 
to  prevent  respiratory  deterioration  manifested  by 
hypoxemia  and  hypercapnia.  The  lowest  peak 
inspiratory  pressures  and  respiratory  rates  necessary 
to  maintain  acceptable  arterial  oxygen  (Pgo^)  and 
carbon  dioxide  (Pacd)  tension  levels  should  be 
employed.  To  prevent  further  unevenness  in  the 
distribution  of  inspired  gas,  short  inspiratory  times 
and  high  peak  inspiratory  flows  should  be  avoided. 
The  duration  of  expiration  must  also  be  long  enough 
to  allow  complete  exhalation  and  to  reduce  the 
possibility  of  gas  trapping.  The  application  of  low- 
level,  positive  end-expiratory  pressure  (PEEP)  of 
2-4  cm  HjO  [0.2-0.4  kPa]  may  prevent  alveolar 
collapse  and  reduce  airway  resistance  (Raw)  by 
distending  small  airways. 

Ventilatory  assistance  can  be  gradually  reduced 
(depending  on  the  amount  of  spontaneous  respi- 
ratory effort  present),  thereby  allowing  the  infant 
to  perform  an  increasing  amount  of  the  respiratory 
work.  The  Paco-,  may  be  allowed  to  increase  to 
values  in  the  50s  or  60s  as  long  as  the  pH  is  within 
acceptable  limits.  In  infants  with  poor  respiratory 
effort,  the  use  of  respiratory  stimulants  such  as 
aminophylline  or  caffeine  may  also  facilitate 
weaning  from  the  ventilator.  These  drugs  are 
especially  useful  in  very  small  preterm  infants  who 
make  weak  respiratory  efforts  and  demonstrate 
frequent  apnea. ^  When  the  patient  is  able  to  maintain 
acceptable  blood  gas  values  at  low  ventilator  rates 
(<  15  breath.s/min),  extubation  may  be  attempted. 

Anything  that  may  depress  ventilation  (such  as 
drugs,  metabolic  alkalosis,  or  hypoxemia)  should 
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be  avoided  during  tiie  period  of  weaning.  In  very 
small  infants,  it  is  common  to  observe  a  loss  of 
lung  gas  volume  after  exlubation  due  to  poor 
respiratory  effort  and  weak  chest-wall  musculature. 
In  some  of  these  infants,  the  use  of  nasal  continuous 
positive  airway  pressure  (CPAP)  during  the  first 
few  hours  or  days  following  extubation  may  help 
to  maintain  lung  gas  volume  and  improve  the 
chances  for  successful  extubation. ■*  This  may  also 
be  helpful  in  infants  with  BPD  when  extubation 
is  contemplated. 

Oxygen  Therapy 

Although  supplemental  oxygen  is  the  mainstay 
of  therapy  for  infants  with  BPD,  the  adverse  effects 
of  breathing  oxygen  have  been  well  demonstrated 
in  animal  models  and  include:'-^  ( I )  increased 
exchange  of  fluid  and  macromolecules  across 
alveolar  and  airway  epithelium,  eventually  resulting 
in  pulmonary  edema,  and  (2)  impairment  of 
endothelial  function  and  pulmonary  fibrosis.  The 
threshold  fractional-inspired-oxygen  concentration 
(F]Ot)  for  oxygen  toxicity  in  humans  is  unknown; 
however,  it  is  reasonable  to  assume  that  an 
Fio,  >  0.21  may  have  an  adverse  effect  on  the  lungs. 
In  a  study  by  Griffith  and  co-workers,''  normal  adult 
patients  were  exposed  to  Fio,s  believed  to  be 
clinically  safe  (0.21,  0.30,  0.40,  and  0.50)  for 
approximately  45  hours.  This  study  demonstrated 
that  Fjo^s  of  0.30  to  0.50  resulted  in  a  dose- 
dependent  increase  in  permeability  of  lung 
epithelium.  It  therefore  seems  reasonable  to  assume 
that  ongoing  toxicity  may  be  minimized  by 
maintaining  the  infant  with  respiratory  distress 
syndrome  (RDS)  or  resolving  BPD  on  the  lowest 
Flo,  required  to  maintain  reasonable  oxygenation. 

The  level  of  P;,(),  that  should  be  maintained  to 
ensure  relative  physiologic  normality  while 
minimizing  the  likelihood  of  oxygen  toxicity  is  not 
clear.  Halliday  et  al**  studied  the  effects  of  minor 
changes  in  Fio,  in  pretemi  infants  with  severe  BPD. 
They  noted  that  PaOj^  •'^•''  "'rr  |7.3  kPa|  correlated 
with  both  increased  pulmonary  vascular  resistance 
and  pulmonary  artery  pressure.  Infants  with  BPD 
have  puhnonary  hypertension  and  increased 
pulmonary  vascular  resistance,  which  may  be 
aggravated   by   increasing  hypoxemia.    Therefore, 


maintaining  an  adequate  Pao-,  may  not  only  avert 
hypoxemia  but  may  also  avert  pulmonary  hyperten- 
sion and  cor  pulmonale.''  Oxygen  therapy  reduces 
pulmonary  artery  pressure  without  significant  res- 
piratory depression  in  infants  with  chronic  lung 
disease.''"' For  these  reasons,  efforts  should  be  made 
to  keep  the  PaOi  in  the  range  of  55  to  65  torr  [7.3 
to  8.6  kPaj.  It  has  been  demonstrated  that  infants 
with  BPD  grow  faster  when  adequate  oxygenation 
is  maintained  through  the  use  of  supplemental 
oxygen  than  when  oxygen  is  not  administered."  '- 

Diuretic  Therapy 

Diuretics  are  commonly  used  to  treat  pulmonary 
interstitial  edema,  which  is  an  important  pathologic 
finding  of  BPD.  Most  infants  who  develop  chronic 
lung  disease  have  had  clinical  evidence  of  a  patent 
ductus  arteriosus  (PDA), •'"'■*  which  may  contribute 
to  pulmonary  edema.  In  addition,  investigators  have 
noted  a  greater  intake  of  fluid  in  the  first  few  days 
of  life  in  infants  who  subsequently  develop  BPD 
compared  to  infants  who  do  not  develop  BPD."  '"^ 
It  has  also  been  shown"'  that  the  increases  in 
pulmonary  blood  flow  and  interstitial  fluid 
secondary  to  PDA  may  result  in  decreased 
pulmonary  compliance  and  increased  R^^.  This  may 
result  in  employment  of  more  intense  levels  of 
ventilator  and  oxygen  support,  which  may  contribute 
to  pulmonary  damage  and  edema.  This  further 
aggravates  the  cycle  because  increased  lung  water 
may  prolong  the  time  the  infant  remains  on  assisted 
ventilation.'^-" 

Infants  with  BPD  develop  interstitial  pulmonary 
edema  irrespective  of  whether  they  develop  a  PDA. 
Their  ability  to  tolerate  normal  fluid  requirements 
appears  to  be  compromised.  These  infants  may  have 
increased  capillary  permeability,  secondary  to 
oxygen  toxicity  and  infection.  Oncotic  pressure 
tends  to  be  low  in  these  children  because  of  the 
difficulty  encountered  clinically  in  delivering 
adequate  calories  while  keeping  tluid  intake  low. 
In  part,  this  predisposition  to  edema  may  be  related 
to  ihc  increase  in  antidiuretic  homione  that  has  been 
noted  in  these  infants.-'--  Infants  with  severe 
obstructive  airway  disease  may  also  have  increased 
venous  return  and  left  ventricular  dysfunction.-^ 
Lymphatic    drainage    also    may    be    impaired    by 
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interstitial  edema  and  increased  central  venous 
pressure.  The  resulting  pulmonary  fluid  accumu- 
lation produces  more  deterioration  ot"  lung  function 
and  may  result  in  increased  requirements  for  oxygen 
and  ventilatory  support. 

Furosemide  has  been  used  extensively  in  infants 
with  chronic  lung  disease  to  decrease  pulmonary 
interstitial  edema.  This  drug  decreases  pulmonary 
transvascular  fluid  filtration  and  reduces  elevated 
pulmonary  vascular  resistance.  Aside  from  its 
diuretic  effect,  furosemide  exerts  a  systemic 
vasodilatory  action.  Furosemide  reduces  right 
ventricular  preload  by  causing  systemic  dilatation 
and  reducing  pulmonary  vascular  pressure  and  fluid 
filtration.--*  Both  can  decrease  extravascular  water, 
which  in  turn  can  increase  lung  compliance. 

The  use  of  diuretics  in  infants  with  BPD  has  been 
shown  to  improve  lung  function.-''-^  Kao  et  al-'' 
observed  that  in  infants  with  BPD,  furosemide 
acutely  decreased  R^^^,  and  increased  specific  airway 
conductance  (sGa^^)  and  dynamic  pulmonary 
compliance  (Cj^n)-  Others-^  observed  that  furo- 
semide given  to  premature  infants  recovering  from 
RDS  significantly  increased  lung  compliance  and 
decreased  the  alveolar-arterial  oxygen-tension 
gradient  [P(A-a)O-)]-  However,  this  improvement  in 
lung  function  was  not  secondary  to  diuresis — 
suggesting  that  furosemide  has  a  direct  pulmonary 
effect.-^ 

In  a  double-blind  study,  McCann  et  al-**  observed 
a  decrease  in  ventilator  and  oxygen  requirements 
in  infants  with  BPD  who  were  treated  with 
furosemide.  Minute  ventilation  (Vj.),  alveolar 
ventilation,  and  Q^n  increased  and  venous  admix- 
ture decreased.  Their  findings  suggest  that  in  infants 
with  BPD  furosemide  may  significantly  improve 
lung  function  and  enable  earlier  weaning  from  the 
ventilator  and  from  supplemental  oxygen. 

Side  Effects  of  Diuretic  Therapy 

Although  diuretic  usage  may  rarely  lead  to 
excessive  water  loss  and  dehydration,  more 
commonly  it  results  in  urinary  loss  of  electrolytes 
and  hyponatremia,  hypokalemia,  and  hypo- 
chloremia.  A  predictable  result  of  chronic  diuretic 
therapy  is  hypochloremic,  metabolic  alkalosis. 
Infants  receiving  diuretics  on  a  long-term   basis 


should  be  given  a  potassium-chloride  supplement. 
Also  commonly  associated  with  diuretic  therapy  is 
hypercalciuria,  which  may  result  in  nephrocalci- 
nosis-''  and  secondary  hyperparathyroidism.^" 
Investigators  have  noted  renal  calcifications  on 
abdominal  roentgenograms  after  as  little  as  12  days 
of  therapy  in  pretemi  infants  receiving  furosemide 
at  a  dose  of  2  mg-kg  '-d  '.  Infants  with  renal  calculi 
had  calcium  excretion  rates  of  10  to  20  times  that 
of  normal  age-matched  preterm  infants.  Hypercal- 
ciuria may  also  aggravate  the  development  of 
rickets."  Sensorineural  hearing  loss'-  has  also  been 
attributed  to  furosemide  usage. 

Bronchodilator  Therapy 

The  effectiveness  of  bronchodilator  drugs  in 
infants  with  BPD  has  been  clearly  established. 
Gomez-Del  Rio  et  al^'  evaluated  the  effect  of  the 
beta^-agonist  isoetharine  on  the  pulmonary  function 
of  neonates  who  demonstrated  high  R.,„  after  being 
exposed  to  mechanical  ventilation  but  who  did  not 
exhibit  evidence  that  chronic  lung  disease  was 
present.  After  treatment  with  isoetharine,  R^^^ 
decreased  significantly,  Cjyn  improved,  but  no 
significant  change  in  heart  rate  was  observed.  These 
data  suggest  that  infants  with  increased  Ra„  early 
in  their  disease  will  respond  to  bronchodilator 
therapy;  however,  the  significant  postbronchodilator 
decrease  in  R^^^  observed  in  these  infants  lasted  for 
only  30  to  40  minutes. 

Kao  and  co-workers'-*  evaluated  the  effect  of 
isoproterenol  inhalation  on  R^^^,  in  infants  with  BPD. 
Pulmonary  function  was  measured  before  and  up 
to  6  hours  after  administration  of  the  aerosol.  These 
investigators  noted  that  R^^^,  decreased  approxi- 
mately 28%  and  sG^^^  increased  53%.  The  significant 
postbronchodilator  decrease  in  R^,^^  lasted  for  only 
30  minutes.  Thoracic  gas  volume  (TGV)  and  C^yp 
did  not  change. 

Sosulski  et  al'''  evaluated  another  beta2-agonist, 
terbutaline  sulfate,  in  mechanically  ventilated 
infants  with  BPD.  These  investigators  noted  a 
significant  improvement  in  Cj^n  and  R^^,  at  30 
minutes,  which  lasted  at  least  60  minutes.  Clinical 
improvement  was  manifested  by  decreases  in  PqcOt 
and  wheezing.  Rotschild  et  al"'  recently  observed 
an  increase  in  static  compliance  [C^J  and  a  decrease 
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in  Paco-i  after  administration  of  salbutamol 
(albuterol).  Furthermore,  Brundage  et  aP''  combined 
salbutamol  with  the  muscarinic  antagonist 
ipratropium  bromide  and  were  able  to  decrease  R^^^ 
and  increase  lung  compliance  maximally  for  2  hours, 
with  some  beneficial  effect  measured  up  to  4  hours 
after  treatment. 

Another  potential  benefit  of  beta2-agonist  aerosol 
therapy  is  its  effect  on  mucociliary  function.'**-^'' 
Airway  cilia  beat  and  generate  a  wave  of  force  that 
moves  the  airway  mucus  blanket  towards  the  pharynx. 
High  Fio^s  depress  and  disrupt  mucociliary  transport. 
Laurenzi  et  aH"  showed  in  animal  studies  that  mu- 
cus flow  in  the  airway  was  increased  by  nebulization 
of  racemic  epinephrine  or  isoproterenol. 

Use  of  bronchodilators  in  the  newborn  has  been 
controversial  because  of  the  small  amount  of  smooth 
muscle  found  in  the  airways  of  newborn  infants. 
However,  lung  histology  in  infants  with  BPD 
demonstrates  a  significant  increase  in  peribronchial 
smooth  muscle.^'  •*'  This  increase  is  at  least  partly 
responsible  for  the  elevated  R^^,  documented  in 
infants  with  BPD.  Additional  factors  that  may  also 
be  important  in  increasing  R^^^  are  peribronchial 
swelling  due  to  pulmonary  edema  and  impaired 
clearing  of  secretions. 

These  studies  suggest  that  infants  may  respond 
to  bronchodilators  during  the  early  stages  of  BPD. 
It  is  possible  that  the  high  R^^  found  early  in  infants 
who  later  develop  chronic  lung  disease  may  also 
be  a  contributing  factor  to  the  development  of  lung 
damage.-*^  By  reducing  R^^^  and  work  of  breathing, 
it  may  be  possible  to  decrease  the  intensity  and 
duration  of  mechanical  ventilation.  A  lower  R^^^,  will 
peniiit  ventilation  with  lower  transpulmonary 
pressures,  reducing  the  risk  of  barotrauma.  This  may 
also  improve  the  distribution  of  the  inspired  gas, 
thereby  reducing  the  need  for  high  inspired  oxygen 
concentrations. 

Use  of  Respiratory  Stimulants 

Methylxanthines,  specifically  aminophylline. 
have  been  used  to  facilitate  weaning  premature 
infants  from  assisted  ventilation  and  to  minimize 
infant  exposure  to  the  dangers  inherent  in  mechan- 
ical ventilation.^  In  addition  to  bronchoililation. 
methylxanthines  have  been  used  because  of  their 


theoretical  ability  to  improve  diaphragmatic  strength 
and  decrease  muscle  fatigue."*-^ 

Harris  and  co-workers'  evaluated  the  use  of 
aminophylline  to  wean  infants  from  mechanical 
ventilation.  They  showed  that  significantly  more 
infants  were  successfully  extubated  within  72  hours 
of  initiating  aminophylline  than  were  control  infants. 
Significant  decreases  in  Paco^  and  increa.ses  in  Vg 
were  observed  after  aminophylline  was  adminis- 
tered. These  data  suggest  that  aminophylline 
facilitates  weaning  of  low-birthweight  infants  from 
mechanical  ventilation  during  the  recovery  phase 
of  RDS.  Inherent  in  these  findings  is  the  potential 
for  this  therapy  to  decrease  the  incidence  of  BPD. 
The  improved  ventilatory  response  to  COi  seen  in 
this  study  suggests  that  aminophylline  stimulates 
central-nervous-system  chemoreceptors. 

Theophylline  also  has  been  studied  in  infants  with 
BPD  in  an  effort  to  evaluate  its  bronchodilatory 
action  and  effect  on  pulmonary  function.  It  is 
postulated  that  many  of  the  complications  accom- 
panying BPD,  such  as  recurrent  atelectasis  and 
difficulty  weaning  from  mechanical  ventilation,  are 
related  either  to  increased  R.^^  or  to  an  inability 
to  maintain  lung  volume. 

Kao  et  aH''  observed  that  administration  of 
theophylline  to  infants  with  BPD  resulted  in  a 
decrease  in  R.,^^  and  an  increase  in  lung  compliance. 
These  effects  were  enhanced  by  the  addition  of 
diuretics.-*'' 

It  must,  however,  be  remembered  that  methyl- 
xanthines have  many  side  effects  (eg,  tachycardia, 
gastrointestinal  irritation,  and  increased  oxygen 
consumption)^''  and  should  be  used  with  caution. 


Steroid  Therapy 


Tiic  use  of  steroids  to  treat  BPD  was  first  reported 
in  1978  by  Kramer  et  al.-*^  Their  original  work  was 
corroborated  by  a  number  of  studies;-**^  ''*  however, 
because  of  methodologic  problems  and  low  patient 
numbers,  these  early  studies  did  not  definitively 
affirm  steroid  therapy  as  the  standard  of  care  for 
BPD  patients. 

Potential  meciianisms  suggested  to  explain  tlie 
beneficial    effect    of   steroids    in    BPD    include 
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stabilization  ot  cell  and  lysosomal  membranes, 
increased  surfactant  synthesis,  inhibition  of 
prostaglandin  and  leukotriene  synthesis,  decreased 
polymorphonuclear  cell  infiltration  into  the  lungs, 
enhancement  of  beta-adrenergic  activity,  and 
diuretic  activity.-''^-^^ 

Avery  et  aP''  evaluated  infants  who  were  <  1500 
g,  2-to-6-weeks  old,  and  still  required  mechanical 
ventilation.  The  steroid  group  received  steroids  for 
6  weeks  and  was  weaned  from  mechanical 
ventilation  more  rapidly  than  the  control  group. 
Furthermore,  infants  in  the  steroid  group  were  noted 
to  have  increased  pulmonary  compliance  compared 
to  those  in  the  control  group. 

These  findings  were  confirmed  in  a  study  by 
Cummings  and  co-workers'^**  who  compared  a 
placebo  group  with  two  groups  dosed  with  steroids 
for  either  1 8  or  42  days.  Study-entry  criteria  included 
a  birthweight  of  ^  1 250  g,  and  oxygen  and  ventilator 
dependence.  More  impressive  improvement  in 
outcome  was  observed  in  the  42-day  steroid  group. 
This  group  was  weaned  from  supplemental  oxygen 
and  mechanical  ventilation  more  quickly  than  either 
the  control  or  18-day  steroid  group.  In  addition, 
survival  and  neurologic  outcome  were  improved  in 
the  42-day  steroid  group  compared  to  the  other 
groups. 

One  must  remember  when  interpreting  these  data 
that  for  the  results  of  studies  with  small  numbers 
to  be  valid  we  assume  that  the  patients  are  similar 
in  most  respects  except  for  the  variable  studied.^'' 
This  is  unlikely  to  occur  in  studies  of  human  disease; 
therefore,  large  multicenter  studies  are  needed. 

Furthermore,  important  unanswered  questions 
remain,  such  as  optimal  dose  and  frequency, 
eligibility,  timing  of  steroid  use,  and  side  effects 
(eg,  hypertension,  hyperglycemia,  and  increased  rate 
of  infection).-*''  Alkalay  et  aP'  evaluated  adrenal 
function  in  10  low-birthweight  infants  with  BPD 
who  were  receiving  dexamethasone.  Five  of  these 
infants  had  suppressed  adrenal  function  and  required 
prolonged  steroid  treatment.  These  data  suggest  that 
dexamethasone  therapy  given  for  several  weeks  may 
be  associated  with  prolonged  suppression  of  the 
hypothalamic-pituitary-adrenal  axis  function  in  a 
substantial  number  of  infants. 


Vitamin-A  Supplementation 

Vitamin  A  intluences  growth  and  differentiation 
of  epithelial  cells.  Induced  deficiency  of  vitamin 
A  results  initially  in  basal-cell-layer  proliferation 
of  the  epithelium  of  the  conducting  airways, 
followed  by  necrosis  of  columnar  ciliated  and 
nonciliated  lining  cells.  These  cells  subsequently 
slough  into  the  airway  lumen  as  basal  cells,  become 
confluent,  and  differentiate  into  an  atypical 
squamous  layer.  In  addition,  this  results  in 
abnormalities  of  mucociliary  function  and  water 
transport  across  the  trachea.^' •^- 

A  sufficient  amount  of  vitamin  A  must  be  present 
for  re-epithelialization  to  occur  after  airway  damage. 
It  has  been  postulated  that  if  vitamin-A  deficiency 
exists  when  injury  occurs,  squamous  metaplasia  will 
result,  and  normal  healing  will  not  occur.^^  In  fact, 
the  sequence  of  cellular  changes  mentioned  above 
is  similar  to  that  seen  in  children  with  BPD. 

Because  of  delivery  at  an  early  gestational  age, 
very-low-birth  weight  neonates  are  deprived  of  much 
of  the  transplacental  vitamin  A  that  they  would 
normally  receive:  therefore,  they  are  bom  with 
limited  hepatic  stores  of  vitamin  A  and  low  plasma 
concentrations  of  vitamin  A  and  retinol-binding 
protein.  Furthermore,  this  deficiency  is  often 
prolonged  because  difficulties  in  establishing  enteral 
feedings  are  commonly  encountered.*'-' 

Shenai  and  co-workers''-"'^  observed  an  increased 
prevalence  of  low  plasma  levels  of  vitamin  A  in 
infants  with  BPD  compared  to  preterm  infants 
without  BPD.  Levels  were  particularly  low  at  3- 
to-5-weeks  postnatal  age. 

Shenai  et  al*"'  initiated  a  clinical  trial  to  test 
whether  vitamin-A  supplementation  during  early 
postnatal  life  could  reduce  the  morbidity  associated 
with  BPD  in  infants  who  were  oxygen  dependent 
and  who  required  mechanical  ventilation  for  at  least 
72  hours  after  birth.  BPD  was  diagnosed  in  9  of 
20  infants  receiving  vitamin-A  supplementation  and 
in  17  of  20  control  infants.  The  need  for  supple- 
mental oxygen,  mechanical  ventilation,  and 
intensive  care  was  reduced  in  infants  receiving 
vitamin-A  supplementation  compared  to  controls. 
While  these  data  are  encouraging,  this  hypothesis 
must  be  tested  in  more  extensive  trials  before  it 
can  be  generally  accepted. 
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Conclusion 

This  brief  review  has  focused  on  current  therapies 
used  in  the  treatment  of  BPD.  What  must  be  stressed 
is  that  each  infant  needs  to  be  approached 
individually  with  therapies  tailored  to  his  or  her 
particular  disease  state.  Once  initiated,  therapies 
must  be  continually  evaluated  to  minimize  side 
effects  and  risks. 
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Abbreviations  Used  in  this  Paper 

BPD 

—  Bronchopulmonary  dysplasia 

Cdvn 

—  Dynamic  lung  compliance 

CPAP 

—  Continuous  positive  airway  pressure 

c. 

—  Sialic  lung  compliance 

Fio, 

—  Fractional  inspired  oxygen  concentration 

PaCO, 

—  Arterial  carbon  dioxide  tension  (pressure) 

PaO, 

—  Arterial  oxygen  tension 

PDA 

—  Patent  ductus  arteriosus 

PEEP 

—  Postitive  end-expiratory  pressure 

R.m 

—  Airway  resistance 

RDS 

—  Respiratory  distress  syndrome 

sG,„ 

—  Specific  airway  conductance 

TGV 

—  Thoracic  gas  volume 

Ve 

—  Minute  ventilation 

Goldberg  Discus.sion 

Orenstein:  Ron,  I  enjoyed  that! 
What  about  the  nonsteroidal  anti- 
intlanimatory  agents?  A  few  years 
ago  Kurt  Stenmark  presented  a  paper 
showing  beneficial  effects  from 
cromolyn  sodium  in  a  group  of  in- 
fants with  BPD.  I  don't  think  he's 
published  that  work  yet,  other  than 
the  original  abstract.' 

1 .  Stenmark  KR.  Eyzaguirre  M.  Re- 
migio  L,  Secombe  J,  Henson  PM.  Re- 
covery of  platelet  activating  factor 
and  leukotrienes  from  infants  with  se- 
vere BPD:  Clinical  improvement  with 
cromolyn  treatment  (abstract).  Am 
Rev  RespirDis  1985:I31:A236. 

Ccddberg:  As  far  as  I  know,  the 
only  work  1  have  seen  is  that  work 
by  Stenmark  and  co-workers'  who 
noted  an  increase  in  eicosanoid  pro- 
tiuclion  in  the  lung  lav;ige  tluid  of  in- 
fants with  BPD.  These  investigators 
then  went  on  to  suggest  that  if  you 
give  a  mast-cell-stabili/ing  substance 
such  as  cromolyn  sodium,  you  can 
decrease  the  intlammalory  response 
and  actually  can  measure  significanl 


changes  in  pulmonary  function.  It  is 
not  clear  to  me  whether  steroids  will 
ultimately  be  the  best  drug  to  use  in 
BPD  or  if  in  fact  their  major  effect  is 
on  inflammation.  It  is  possible  that 
the  dramatic  clinical  effects  .seen 
with  steroids  have  nothing  to  do  with 
inflammation.  It  is  possible  that  fluid 
shifts  secondary  to  steroids  may  also 
be  very  important.- 

1.  Stenmark  KR.  Eyzaguirre  M.  Re- 
migio  L,  Secombe  J.  Henson  PM.  Re- 
covery of  platelet  activating  factor 
and  leukotrienes  from  infants  with  se- 
vere BPD:  Clinical  improvement  with 
cromolyn  treatment  (abstract),  .'^m 
Rev  Respir  Dis  1985: 131  :A236. 

2.  Torre  J,  Yeh  TF,  Anyebuno  M.  Ras- 
triegi  A,  Pildes  RS.  Early  dex- 
amethasone therapy:  Fluid  and  elec- 
trolyte balance  and  renal  function  in 
premature  infaiils  with  RDS  (ab- 
slracl).  PedialrRes  1989:25:73A. 

■lobe:  All  your  models  of  in- 
flammation involve  ihc  endothelium. 
Were  Ihc  cpilheli;il  responses  ihc 
same  or  differcnl? 

(Joldberj;:  I  believe  ihal  the  re- 
sponse should  basically  be  the  same. 


There  are  alveolar  macrophages  that 
would  react  the  same  way  as  the  in- 
travascular macrophage  (ie,  release 
inflammatory  mediators  and  leu- 
kotrienes). 

Jobe:  Could  you  comment  on  the 
use  of  vitamin  A.  given  the  pro- 
vocative reports  from  Vanderbilt'?'  - 

1.  Shenai  J.  Kennedy  KA,  Chytil  F. 
Stahlman  MT.  Clinical  trial  of  vi- 
lamin  A  supplementation  in  infants 
susceptible  to  bronchopulmonary  dys- 
plasia. J  Pediatr  1987:111:269-277. 

2.  Stahlman  MT.  Gray  ME.  Chytil  F. 
Sundell  H.  Effect  of  retinol  on  fetal 
lamb  tracheal  epithelium,  with  and 
without  epidemial  growth  factor.  Lab 
Invest  1988:.59:25-35. 

(loldberj;:  That  clinical  trial  from 
Viunlerbill  University'  suggests  that 
supplementation  of  intravenous  ali- 
mcntiilion  with  viumiin  A  residts  in  a 
decreased  inciilencc  of  bronchopid- 
inonary  tlysphisi;i.  This  is  fairly  ex- 
ciling  information.  Pari  of  the  prob- 
lem v\iih  neonatal  care  is  deli\crN  of 
adequate  calories  and  microuutrienls. 
Poor  niilrilion  is  probablv  a  m;ijor 
causative  facU)r  in  liPD. 
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1.  Shenai  J.  Kennedy  KA.  Chytil  F. 
Slahlnuin  MT.  Clinical  trial  of  vi- 
tamin A  supplementation  in  infants 
susceptible  to  bronchopulmonary  dys- 
plasia. J  Pediair  1987: 11 1:269-277. 

Ha^inski:  1  recommend  that  paper' 
for  people  to  review  in  their  journal 
clubs.  I  think  it's  a  very  carefully 
done  small  study.  Its  results.  I  think. 
have  been  misinterpreted,  however, 
in  that  people  have  dismissed  it  by 
saying  that  the  incidence  of  BPD  in 
the  control  group  was  90%.  The  rea- 
son is  because  the  study  was  de- 
signed that  way;  the  study  population 
was  intentionally  enriched  for  the 
outcome  of  interest.  The  eligibility 
criteria  were  chosen  to  increase  the 
chances  that  there  would  be  high  in- 
cidence of  BPD.  So.  not  every  pre- 
mature baby  was  admitted  to  the 
study — only  ventilator  babies  who 
had  reached  some  predetermined  lev- 
el of  severity  were  admitted. 

1.  Shenai  JP,  Kennedy  KA.  Chytil  F. 
Stahlman  MT.  Clinical  trial  of  vi- 
tamin A  supplementation  in  infants 
susceptible  to  bronchopulmonary  dys- 
plasia. J  Pediatr  1987:111 :269-277. 

(loldberg:  Could  you  comment  on 
the  delivery  of  vitamin  A? 
Hazinski:  Vitamin  A  is  photo- 
degraded  in  an  aqueous  solution,  so 
if  you  add  it  to  the  aqueous  portion 
of  hyperalimentation,  some  of  it  is 


degraded  in  several  hours.  If  you  put 
it  in  lipids,  this  might  protect  it  from 
photodegradation,  although  I  tlon't 
think  that's  been  studied. 
■lobe:  And  you  have  no  BPD? 
Hazinski:  No!  We  have  a  lot  of  BPD 
because  we  have  many  babies  less 
than  "-XK)  g  who  receive  surfactant 
and  survive.  Alan! 

Martin:  I  happen  to  like  your  em- 
phasis on  the  inflammatory  response. 
(Joldberg:  I  didn't  emphasize  this  as 
much  as  I  should  have.  Many  of 
these  mediators,  such  as  leukotriene 
C4  and  D4,  thromboxane  A2,  and 
platelet-activating  factor  can  cause 
bronchoconstriction. 
Koff:  You've  been  talking  a  lot 
about  oxygen-related  injuries.  A  few 
years  ago  Wung  et  al'  reported  that 
using  higher  CO;  levels  helped  re- 
duce the  incidence  of  BPD.  Could 
you  comment  on  that'? 

I.  Wung  JT,  James  LS,  Kilchevsky  E, 
James  E.  Management  of  infants  with 
severe  respiratory  failure  and  per- 
sistence of  the  fetal  circulation  with- 
out hyperventilation.  Pediatrics  1983; 
76:4X8-494. 

Goldberg:  1  think  that  accepting 
higher  PaCO;  values  means  that  peo- 
ple are  using  lower  ventilator  pres- 
sures, which  may  lessen  the  baro- 
trauma associated  with  BPD. 
Hazinski:  Shirley  Murphy'  did  a 
study  on  intubated  babies  with  BPD. 


asking  the  question,  "How  much 
cromolyn  gets  into  the  lung  of  a  me- 
chanically ventilated  baby."  It's  a 
very  nice  study.  It  was  published  in 
abstract  form  last  year  or  the  year  be- 
fore. She  found  that  she  could  ac- 
count for  999i  of  the  administered 
cromolyn,  either  in  the  expiratory 
gas  or  in  the  baby's  urine.  If  crom- 
olyn is  working,  it  must  be  very  de- 
pendent on  how  much  gets  into  the 
lung. 

I.  Waltenburg  K.  Clark  A.  Murphy  S. 
.^erosoli/ed  cromolyn  delivery  to  in- 
tubated babies  (abstract).  Pediatr  Res 
1988;23:570A. 

Fanaroff:  Ron  (Goldberg).  I  enjoyed 
that  very  much.  If  I  understand  cor- 
rectly, BPD  is  a  very  complex  multi- 
organ-system  disorder  (there's  heart, 
lung,  immune  system,  endocrine  sys- 
tem, with  nutritional  overlay).  I've 
been  impressed  by  the  fact  that  we 
recognize  it  as  undernutrition,  but  it's 
a  resistant  form  of  undernutrition, 
and  it  doesn't  matter  how  many  cal- 
ories we  throw  on  board  or  what 
mixture  we  try.  Do  you  have  any  se- 
crets on  how  we  can  correct  the  un- 
dernutrition? 

(Joldberg:  No.  I  think  we  have  the 
same  difficulty  everyone  else  has.  I 
think  that  it  might  help  if  we  gave 
lipids  earlier  to  small  preterm  infants 
and  possibly  if  we  instituted  early 
low-volume  feedings. 
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Essentials  of  Pediatric  Intensive 
Care,  edited  by  Daniel  L  Levin  MD 
and  Frances  C  Morriss  MD,  with  138 
contributors.  Softcover,  illustrated, 
1,137  pages.  St  Louis:  Quality  Med- 
ical Publishing  Inc.  1990.  $49.95.  To 
order  call  314-878-7808  or  l-SOO- 
423-6865, 

Whether  the  book  Essentials  of 
Pediatric  Intensive  Care  lives  up  to 
its  title  may  be  open  to  debate.  Its 
1,000-plus  pages  of  extensive  nar- 
rative address  a  wide  variety  of  top- 
ics in  pediatric  and  neonatal  care. 
Among  these  topics  are  some  of  the 
most  common  and  important  prob- 
lems encountered  by  specialists  in 
these  fields.  Also  included  are  dis- 
cussions of  some  of  the  more  un- 
usual and  perhaps  unlikely  problems 
to  be  seen  in  the  pediatric  or  neonatal 
ICUs.  The  authors,  faculty  members 
at  the  University  of  Texas  South- 
western Medical  Center,  write  from 
their  experience  at  Children's  Med- 
ical Center  and  Parkland  Memorial 
Hospital  in  Dallas. 

The  51  chapters  that  make  up  the 
text  are  arranged  into  4  main  sec- 
tions. Part  I,  composed  of  6  brief 
chapters  collectively  called  "General 
Principles,"  offers  information  on  the 
ICU  routine:  admitting  the  patient, 
organizing  nursing  care,  and  as- 
sessing and  monitoring  the  patient. 
The  chapter  "Drug  Monitoring  and 
Pharmacokinetics"  at  this  section's 
end  is  well  written  but  seems  mis- 
placed here. 

Part  II  is  entitled  "General  Major 
System  Failure."  The  apparent  intent 
of  this  section  is  to  focus  upon  gener- 
al causes  and  effects  of  organ  or  sys- 
tem failure.  Therefore,  the  reader 
might  expect  a  half-dozen  lengthy 
chapters  covering  the  body's  major 
systems.  Instead,  the  section  includes 
19  brief  chapters  that  vary  greatly  in 


their  specificity.  Respiratory  failure 
and  renal  failure  are  each  covered  in 
a  single  chapter;  whereas,  no  fewer 
than  5  chapters  focus  on  neurologic 
dysfunction.  For  consistency  these 
chapters  could  be  compiled  into  a 
single,  more  comprehensive  chapter. 
As  in  Part  I,  some  chapters  seem 
misplaced:  The  chapter  on  "Status 
Epilepticus"  would  seem  to  fit  more 
properly  in  Part  III  ("Specific  Dis- 
eases and  Problems"),  as  would  the 
chapter  on  anaphylaxis.  1  believe 
that  Chapter  25,  which  focuses  on 
management  of  donated  organs, 
would  be  more  appropriate  in  Part 
IV  ("Equipment  and  Techniques"). 

Part  III  is  arrranged  by  organ  sys- 
tems, which  helps  to  make  it  easier 
for  the  reader  to  find  some  pieces  of 
specific  information.  In  addition, 
however.  Part  III  includes  substantial 
sections  on  anesthesia  and  surgery, 
poisonings,  trauma,  and  infections, 
as  well  as  psychological,  social,  le- 
gal, and  ethical  aspects  of  pediatric 
care.  Thus,  some  chapters  relevant  to 
a  given  system  may  appear  under 
other  headings  within  this  portion  of 
the  book.  For  example,  "Aspiration 
Pneumonia"  appears  in  the  section 
labeled  Trauma,  instead  of  in  the  pul- 
monary section. 

The  final  section  of  the  book  is 
dedicated  to  equipment  and  tech- 
niques of  pediatric  intensive  care. 
Chapters  in  this  section  briefly  dis- 
cuss indications  for  use  of  par- 
ticular equipment  or  procedures, 
their  potential  hazards,  and  general 
principles  of  operating  pieces  of 
equipment  or  performing  specific 
procedures, 

I  found  the  most  valuable  in- 
formation in  this  text  to  be  in  Parts 
111  and  IV.  In  geneial.  Part  III  covers 
many  of  the  most  important  prob- 
lems commonly  encountered  in  pe- 
diatric  ICUs,  and  Part   IV  provides 


good  explanations  of  many  vital 
pieces  of  equipment  and  key  pro- 
cedures. 

The  sheer  size  and  scope  of  this 
book  is  impressive.  It  is  informative, 
interesting,  and  easy  to  read.  Its  or- 
ganization is  confused,  though,  and 
the  hook  lacks  the  cohesiveness  and 
emphasis  on  essentials  that  a  book  of 
this  type  needs.  Perhaps  this  is  a  nat- 
ural outcome  of  having  138  different 
contributors,  but  I  feel  the  editors 
could  have  been  more  judicious  in 
selecting  and  arranging  the  chapters. 
Instead  of  being  a  tightly  knit  vol- 
ume containing  only  essential  ma- 
terial, this  text  is  more  accurately  an 
anthology  of  collected  papers  on  pe- 
diatric intensive  care.  The  editors 
have  buried  the  essential  material 
among  many  interesting  but  arguably 
nonessential  topics,  and  have  failed 
to  distinguish  between  them. 

Furthermore,  although  the  editors 
state  that  the  book  is  designed  as  a 
practical  reference  for  physicians, 
nurses,  respiratory  care  practitioners, 
and  students,  some  clinicians  will 
find  it  more  useful  than  do  others  be- 
cause the  book  is  uneven  in  its  cover- 
age of  problem  areas.  For  example, 
respiratory  problems  are  given  gener- 
ous coverage  as  the  main  focus  of  8 
or  more  chapters  in  Part  III,  By  con- 
trast, cardiac  probletns  warrant  just  3 
chapters,  and  only  1 3  pages  are  ded- 
icated to  renal  disease.  An  individual 
chapter  is  dedicated  to  injuries  in- 
curred by  lightning,  but  closed  head 
trauma  is  not  mentioned  anywhere  in 
the  book.  Although  the  toxicology 
section  contains  a  chapter  on  brown- 
recluse  spider  bites,  overdoses  of 
heroin,  barbiturates,  and  alcohol  mer- 
it only  a  few  difficult-to-locate  par- 
agraphs within  a  chapter  on  "General 
Considerations  of  Poisoning." 

Despite  its  inconsistencies  and 
lack  of  balance.   Essentials  of  Pe- 
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diatric    Intensive    Care    is    an    ap- 

pealiiis:  and  unique  hook.  Allhougii 
the  uninitialed  reader  may  find  it  dil- 
ficult  to  piek  iiui  the  truly  essential 
material,  the  experienced  pediatric 
ICU  clinician  will  I'ind  it  fairly  ac- 
cessible. And.  after  putting  the  es- 
sential materal  to  use.  the  ex- 
perienced practitioner  may  enjoy 
reading  about  lightning  and  spiders. 

Bob  Hirnle  Vl.S  RRT 

Re.spiratory  Care  Program  Director 
Highline  Community  College 
Des  Moines.  Washington 

An  Introduction  to  Clinical  Re- 
search, by  Catherine  De.Angelis  MD 
MPH  and  APA  Committee.  Hard- 
cover, illustrated.  166  pages.  New 
York:  Oxford  University  Press. 
1990.  $24.93. 

The  author.  Catherine  DeAngelis 
MD  MPH.  Professor  and  Deputy 
Chairman.  Department  of  Pediatrics, 
The  John  Hopkins  School  of  Med- 
icine, states  that  the  goal  of  this  book 
is  to  serve  as  a  primer  for  the  novice 
researcher  who  wants  to  do  clinical 
research.  The  manual  was  written  by 
a  committee  of  the  Ambulatory  Pe- 
diatric Association  (APA)  spear- 
headed by  the  author,  a  former  APA 
president,  who  made  the  manual  a 
special  project  during  her  term  in  of- 
fice because  one  of  the  APA's  goals 
is  to  encourage  and  enhance  clinical 
research. 

Although  the  manual  is  not  meant 
to  provide  the  reader  with  in-depth 
information  on  all  aspects  of  clinical 
research  design,  the  author  claims 
that  it  is  possible  to  conduct  a  sim- 
ple, important  clinical  research  pro- 
ject using  the  information  contained 
in  the  text,  with  some  guidance  from 
an  experienced  clinical  researcher. 
The  Suggested  Readings  sections  at 
the  end  of  each  chapter  contain  refer- 
ences to  address  the  problems  that 
are  beyond  the  scope  of  the  text.  An 


annotated  bibliography  ai  the  end  of 
the  book  includes  articles  ami  texts 
that  can  assist  the  reader  who  wants 
to  read  more  about  performing  clin- 
ical research. 

Chapter  I  sets  the  stage  for  later 
topics  by  covering  some  of  the  key 
aspects  of  the  scientific  method,  in- 
ference and  validity.  Four  aspects  of 
validity  and  the  inferences  that  can 
be  made  to  the  larger  world  are  dis- 
cussed. The  chapter  author  concludes 
that  the  value  of  research  depends  on 
the  validity  of  the  inferences  that  can 
be  made  from  the  study. 

In  Chapter  2.  the  authors  discuss 
how  to  develop  the  research  question 
and  how  to  use  hypotheses  to  de- 
temiine  the  feasibility  of  the  research 
project.  This  chapter  includes  a  use- 
ful, albeit  basic,  discussion  of  how  to 
identify  dependent  and  independent 
variables  from  the  research  ques- 
tions. The  value  of  using  a  con- 
sultant to  help  determine  how  the 
data  will  be  collected  is  also  dis- 
cussed, and  the  chapter  ends  with  a 
description  of  how  to  use  a  personal 
computer  to  search  16  different  data 
bases  developed  by  the  National  Li- 
brary of  Congress — MEDLARS 
(Medical  Literature  Analysis  and 
Retrieval  System). 

Chapter  3  deals  with  selecting 
study  subjects,  making  decisions  re- 
lated to  sample  selections,  and  es- 
timating appropriate  sample  size,  and 
addresses  the  power  of  the  sample, 
confidence  intervals,  and  the  impact 
of  attrition  of  study  subjects.  Meth- 
ods for  assigning  participants  to  the 
experimental  and  control  group  are 
also  discussed. 

In  Chapter  4.  "Research  Models 
and  Methods."  the  author  describes 
and  classifies  different  research 
study  designs — the  case  series  de- 
sign, the  case-control  study,  and  the 
clinical  trial — categorizing  them  by 
the  way  in  which  their  subjects  have 
been  gathered  and  compared.  This 
chapter  outlines  "rules"   that   apply 


broadly  lo  nearly  all  designs.  Attrib- 
utes of  studies  are  covered,  with  ex- 
amples to  illustrate  prospective  ver- 
sus retrospective,  descriptive  versus 
comparative,  observational  versus 
experimental  studies.  General  re- 
quirements for  subject  selection  and 
observation  are  briefly  discussed  in- 
eluding  criteria  for  inclusion  in  the 
observed  group.  The  importance  of 
identifying  the  available  universe  for 
eligible  subjects,  assessment  of  bias 
in  the  available  universe  of  patients, 
and  development  and  consistent  ap- 
plication of  rules  for  classifying  ob- 
servations are  covered.  The  strengths 
and  weaknesses  of  different  types — 
comparative  studies,  case-control. 
observational  cohort  studies,  and  ex- 
perimental studies — are  discussed, 
with  the  key  elements  of  each  type  of 
study  clearly  outlined.  The  kinds  of 
studies  suited  to  clinical  trials  are  de- 
scribed, and  examples  are  given.  An 
annotated  bibliography  provides  sug- 
gested readings  that  lead  the  reader 
to  a  more  in-depth  treatment  of  the 
topics  covered. 

Data  collection,  management,  and 
analysis  are  covered  in  Chapter  5  in- 
cluding sections  on  deciding  what  to 
collect,  how  to  collect,  and  how  to 
determine  the  validity  and  reliability 
of  the  measure  used  to  collect  the 
data.  Content  (face)  validity,  criter- 
ion validity,  and  construct  validity 
are  explained,  and  examples  are  pro- 
vided to  illustrate  how  each  type  is 
assessed.  Errors  introduced  by  poor 
intra-  and  interrater  reliability  are  ex- 
plained and  suggestions  provided  for 
establishing  the  degree  of  reliability. 
Data  management  procedures  (use  of 
procedure  manuals,  coding  manuals. 
and  data  entry  programs)  are  dis- 
cussed. Data  analysis  is  explained 
first  by  a  concise  but  comprehensive 
review  of  the  types  of  variables  that 
can  be  used.  A  good  introduction  to 
terms  (the  differences  between  mean, 
median,  and  mode,  and  definitions  of 
variance  and  standard  deviation,  with 
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the  impact  of  outliers)  is  provided. 
This  chapter  also  introduces  the  read- 
er to  several  statistical  tests  of  sig- 
nificance and  provides  examples  of 
variables  that  can  be  compared  with 
each  test.  The  authors  point  out  that 
"a  well  conducted  and  well  analyzed 
research  project  is  meaningless  if  no 
one  ever  hears  about  it,"  and  make 
suggestions  for  writing  an  abstract, 
presenting  the  abstract,  and  pub- 
lishing study  resuhs  in  a  peer- 
reviewed  journal. 

Strategies  for  funding  research 
studies  are  covered  in  Chapter  6  in- 
cluding projecting  costs,  mechanisms 
for  minimizing  costs,  and  funding 
sources.  Tips  for  applying  for  re- 
search support  are  discussed  with 
ideas  provided  for  applying  to  both 
public  and  private  funding  sources. 

Chapter  7  deals  with  the  critical 
appraisal  of  research,  providing  sep- 
arate discussion  of  etiology  of  dis- 
ease, diagnosis,  prognosis,  therapy, 
and  screening.  The  last  chapter  is  an 
annotated  bibliography  of  33  texts 
thai  the  reader  can  use  to  read  more 
deeply  into  areas  introduced  by  this 
book. 

Dr  Angelis  in  the  preface  states 
that  this  book  should  be  "a  primer 
for  the  novice  researcher  and  is 
meant  to  stimulate  clinicians  to  do 
clinical  research."  She  and  her  col- 
leagues on  the  APA  committee  have 
accomplished  this  goal  by  writing  a 
well-organized  and  easily  read  text 
that  introduces  the  reader  to  a  wide 
array  of  clinical  research  topics.  This 
text  should  be  read  by  respiratory 
therapists  interested  in  conducting  a 
clinical  research  study  hcforc  they 
begin  collecting  data.  The  advice 
presented  by  the  authors  should  help 
clinicians  do  the  planning  necessary 
to  produce  a  successful  investigation 
of  some  of  the  unanswered  questions 
confronting  respiratory  care  practi- 
tioners. This  book  is  a  valuable  re- 


source for  anyone  interested  in  help- 
ing a  novice  researcher  conduct  a 
clinical  study. 

Thomas  A  Barnes  EdD  RRT 

Associate  Professor  of 

Respiratory  Therapy 

Director  of  Clinical  Education 

Northeastern  University 

Boston,  Massachusetts 


The  Essentials  of  Respiratory 
Care,  3rd  ed.  edited  by  Robert  M 
Kacmarek  PhD  RRT,  Craig  W  Mack 
MM  RRT,  and  Steven  Dimas  RRT. 
Hardcover.  6SI  pages,  illustrated.  St 
Louis:  Mosby-Year  Book  Inc.  1990. 
$46.95. 

The  goal  of  the  book  (written  pri- 
marily to  be  used  in  preparation  for 
registration,  certification,  and  li- 
censure examinations)  is  to  "present 
the  knowledge  base  required  of  res- 
piratory care  practitioners  in  a  log- 
ical and  concise  manner."  I  applaud 
the  editors  for  attaining  that  goal:  I 
have  also  found  the  text  to  be  helpful 
as  a  quick  reference  on  all  aspects  of 
respiratory  care. 

The  entire  text  is  in  outline  form 
that  begins  with  a  review  of  the  basic 
sciences  and  the  anatomy  and  phys- 
iology of  the  respiratory,  car- 
diovascular, renal,  and  nervous  sys- 
tems, and  then  proceeds  in  logical 
progression  through  the  essential  as- 
pects of  respiratory  care.  Each  chap- 
ter contains  a  bibliography,  which  I 
found  to  be  helpful:  and  the  Table  of 
Contents  is  also  in  outline  fonn. 
which  makes  it  easy  to  locate  a  par- 
ticular subject  of  interest. 

Compared  to  the  second  edition, 
coverage  of  neonatal  and  pediatric 
respiratory  care  has  been  expandeil 
from  3  to  .5  chapters.  In  addition, 
chapters  are  included  on  nutrition, 
pulmonary  rehabilitation,  respiratory 
home  care,  and  high  frequency  ven- 


tilation. I  am  particularly  impressed 
with  the  chapter  on  nutrition,  which 
is  thorough  and  easy  to  understand; 
the  inclusion  of  this  topic  will  help  to 
broaden  the  respiratory  care  practi- 
tioner's perspective. 

The  illustrations  are  numerous  and 
well  done,  enhancing  the  authors' 
ability  to  communicate  the  intended 
objectives  of  the  subject  matter. 

Overall  this  text  is  a  valuable  re- 
source that  all  respiratory  care  practi- 
tioners, respiratory  care  departments, 
and  respiratory  care  programs  should 
not  be  without.  1  commend  the  au- 
thors for  their  thoroughness  in  writ- 
ing this  text.  The  book  is  a  bargain 
at  $46.95. 

James  M  Darin  RRT 

Respiratory  Care  Coordinator 

Adult  Surgical  Critical  Care 

University  of  Virginia 

Health  Sciences  Center 

Charlottesville,  Virginia 


^ 
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terial  Sampling 


asier  hor  you... 

Arterial  blood  sampling  does  not  have  to  be  a  painful 
ortraunnatic  experience.  AVL's  Microsannpler  can 
nnake  it  nnore  bearable. 

The  innovative  design  and  function  of 
the  Microsampler  avoids  nnostof  the 
comnnon  problems  associated  with 
arterial  syringe  sampling. .  .hema- 
tomas, large  sample  size,  irregular 
cooling  of  sample  and  minimum 
patient  arterial  pressure.  The        s, 
26-gauge  micro  fine  needle 
reduces  puncture  pain  and      .     ■ 
bleeding  is  minimized.  w 

Mor^Beordbie 
For  Your  Patients 

Once  you  experience  first-hand  the  advantages  of  the  AVL  Microsampler, 
you'll  never  go  back  to  your  present  method  of  arterial  blood  sampling. 
Use  the  convenient  order  form  below  to  get  started  today 

Ask  about  the  com-  p^ 
plete  line  of  Blood 
Gas  Analyzers  from 
AVL  Scientific 
to  serve  hospitals, 
clinics  and 
laboratories. 


YES! 


'^ 


# 


Please  enter  my  order  and  make  it  more  bearable  by  sending  me  a  free 
6  V2  "  ouchless  bear  with  any  order  of  100  Mlcrosamplers  or  more. 

Quantity  Ordered:  D 100     D . 

Name 

Title__ 

Hospital_ 

Address 

City 


.  State_ 


-Zip_ 


Phone  #_ 


.  Fax  #_ 


n  I  am  not  ready  to  order  right  now,  but  would  like  to  try  the 

Microsampler  Please  send  me  three  Microsamplers  at  no  charge. 

D  Please  send  Information  on  AVL  Blood  Gas  Analyzers. 


Mail  to;  AVL  Scientific  Corporation 
PC.  Box  337 
Roswell.GA  30077-0337 

Circle  105  on  reader  service  card 


For  faster  service  call :  1  -800-421  -4646 
(404)  587-4040 


AVZ. 


Letters 


Letters  on  topiisof  lurrenl  interest  <>rc(inimentin);  on  material  in  Kjsi'ik  M(>k\  ('\rk  will  be  considered 
for  publication.  Ihe  Kditors  ina>  accept  or  decline  a  letter  or  edit  it  without  chan}>in);  the  author's 
\ie«s.  Ihe  content  of  letters  as  published  niav  simplj  reflect  the  author's  opinion  or  interpretation 
of  information — not  standard  practice  or  the  .lournal's  recommendation.  Authors  of  criticiAed  material 
will  have  the  opportunity  to  repl>  in  print.  No  anonymous  letters  can  be  published.  I'vpe  letter 
double-spaced,  mark  it  "For  publication,"  and  mail  to  Ri  si'iK\  i(>R\  ('\Rt  .lournal,  11(13(1  Abies 
tane.  Dallas  TX  75229-4593. 


Prevention  of  Spontaneous, 

Non-Manual 

Kndotracheal  Kxtubation 

The  use  of  soft  endotracheal  (ET) 
tubes  and  large-diameter  low- 
pressure  cuffs  for  prolonged  ET 
intubation  has  decreased  the  risk  of 
pressure  necrosis  of  the  trachea.  At 
the  same  time,  however,  the  increased 
mobility  of  modem  ET  tubes  has  led 
to  the  new  problem  of  spontaneous, 
non-manual  extubation  (not  to  be 
confused  with  self-extubation  by 
agitated,  uncooperative  patients). 
Ripoll  et  al'  and  Lindholm  and 
Grenvik-  have  studied  spontaneous 
extubation  intensively  and  demon- 
strated, experimentally,  that  it  is 
intensified  when  high  positive  end- 
expiratory  pressure  (PEEP)  and  high 
peak  inspiratory  pressure  (PIP)  are 
used. 

Nasotracheal  intubation  alleviates 
this  problem  without  sacrificing  the 
advantages  of  soft  low-pressure- 
cuffed  tubes,  but  nasotracheal  intu- 
bation is  associated  with  an  unaccep- 
tably  high  incidence  of  purulent  nasal 
sinusitis  in  the  critically  ill  patient.^ 
Various  tube-holder  systems  have 
been  introduced  but  have  not  found 
clinical  support,'*  and  pre-shaped 
orotracheal  tubes  reinforced  to  resist 
bending  forces,  as  suggested  by 
Ripoll  et  a!,'  are  not  commercially 
available. 

At  our  Level  I  trauma  center,  we 
experienced  three  to  five  spontaneous 
extubations  monthly  during  1989, 
when  we  had  an  average  of  171 
ventilation  days/month  in  our  ICU. 
Seeking  to  prevent  the  occurrence  of 
the.se  spontaneous  extubations,  we 
instituted  a  protocol  based  on  Ihe 
work  of  Ripoll  et  al'  and  Lindholm 
and  Grenvik.-  In  this  protocol  we  used 


the  preshaped,  stiff  Berman  oropha- 
ryngeal airway  (Graham  Field  &  Co, 
Hauppaug  NY),  taped  to  the 
orotracheal  tube  and  then  taped 
conjointly  to  the  patient's  face.  This 
was  intended  to  stent  the  endotracheal 
tube  and  prevent  it  from  bending  with 
each  respiratory  cycle  and  from 
moving  with  each  patient-position 
change. 

Experimentally,  we  used  the  Ber- 
man airway  on  all  patients  who 
required  ET  intubation  and  did  not 
exhibit  underlying  peri-  or  intraoral 
trauma,  which  would  have  precluded 
its  safe  placement.  We  began  this 
protocol  on  December  19,  19S9,  and 
employed  it  on  34  patients  until 
January  24,  1990.  No  spontaneous 
extubations  occurred  among  these 
patients;  whereas  during  the  same 
period,  spontaneous  non-manual 
extubation  did  occur  in  3  of  14 
patients  who  did  not  have  the  Berman 
airway  in  place. 

However,  three  of  the  Berman 
airway  patients  developed  lip  and 
tongue  pressure  ulcers  from  the 
presence  of  the  oropharyngeal  airway, 
which  led  us  to  discontinue  the 
experiment  and  to  stop  use  of  this 
technique. 

In  the  absence  of  a  satisfactory 
method  of  stabilizing  ET  tubes,  we 
recommend  ihe  monitoring  of  orally 
intubated  patients  as  follows: 

•  Monitor  placement  and  position  of 
the  ET  tube  on  daily  chest 
radiograph. 

•  Investigate  cuff  leaks  because  this 
may  be  a  sign  that  the  cuff  is 
located  at  the  vocal  cords. 

•  Carefully  tape  the  ET  tube  to  the 
face,  and  carefully  re-tape  it  when 
required. 


•  Record  the  tube  level  at  the  teeth 
daily. 

Christina  G  Rehm  MD 
Steven  E  Ross  MD 

Department  of  Surgery 

Division  of  Trauma 

Cooper  Hospital/ 

University  Medical  Center 

University  of  Medicine  and 

Dentistry  of  New  Jersey 

Camden,  New  Jersey 
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Validation  of  Control  System 
for  Riba>irin  Aerosol 

In  Ihe  November  1990  issue  of  this 
journal,'  my  colleagues  and  1  reported 
on  the  results  of  the  applicatii>n  of 
engineering  and  administrative  con- 
trols to  contain  aerostilized  riba\irin. 
I  present  here  the  results  of  further 
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Table  1.  Results  of  Personal  and  Area  Sampling  with  Engineering  and  Administrative  Controls  in  Force 


Total  Caregiver    Caregiver 
No.  of  Time  in  Time  in  Volume        Detectable  Limit  Result  without    Result  with 

Shift  Break-ins        Tent  (min)        Room  (h)    Collccted(L)  (|jig/m')  PPE  PFIO      PPEl^-g/m')     PPE((xg/ni>) 

Personal  sample 

9  PM-6:30  AM 

(3-15-91)  8  125  9.5  1140  2.07  9970  4.05 

Area  sample 

(foot  of  bed) 

9  PM-6:30  AM 

(3-15-91)  NA  NA  9.5  1140  2.07  NA  ND 

Personal  sample 
7:30am-3:30pm 
(3-16-91)  13  185  8.0  960 

Personal  sample 

9  PM-6:30  AM 

(3-16-91)  3  68  9.0  lOSO 

Personal  sample 
7:30am-3:30pm 
(3-17-91)  7  197  8.5  1020 


2.46  Wilson  HF  4..54 


2.19  Wilson  HF  ND 


2.31  Wilson  HF  4.73 


0.4 


NA 


0.45 


ND 


0.47 


PPE  =  personal  protective  equipment. 
PF  =  protection  factor. 
NA  =  not  available. 
ND  =  none  detectable. 
HF  =  half-face  air  purifier. 


testing  (Table  I ).  The  reader  is 
referred  to  our  earlier  paper  for  the 
details  of  the  engineering  and  admi- 
nistrative controls  imposed  and  the 
sampling   equipment   and   analytical 


method  employed,  which  were  dupli- 
cated during  the  monitoring  reported 
here. 

The  child   under  treatment  while 

this    sampling    was    done    was    10 


months  of  age.  extremely  active,  and 
in  an  agitated  state.  Medical  personnel 
from  the  Pediatrics  service  and  the 
ICU  decided  to  sedate  him  in  order 
to  contain  him  within  the  area  of  the 


Ribavirin  aerosol 
enters  top  port 


Oxygen  Hood 


Aerosol  vacuum  units 


Smooth  t>ore  evacuation  tubing 
(one  40  &  one  24  )  ia  taped 
to  top  of  liood  T-piece  la  added 
to  prevent  occiuaion 

Humidified  oxygen 
enters  side  port 


PROTOCOL 

(1 )  Use  2  aerosol  vacuum  units  (Aerosol  Delivery 
Hood  Exhaust  Units,  ION  Pharmaceutical,  Costa 
Mesa  CA)  or  370  mUmin  of  air  volume  to  exhaust 
the  tent. 

(2)  Before  entering  the  oxygen  hood  or  head  tent, 
shut  off  nebulizer  (SPAG  unit)  for  5  minutes  by 
closing  the  automatic  shutoff  valve. 

(3)  Keep  the  tent  canopy  tucked  under  sheets 
on  mattress  of  bed  to  help  eliminate  leakage. 


Fig.  1 .  Double-containment  system  for  ribavirin  administration  and  protocol  used  in  San  Francisco  General  Hospital, 
San  Francisco,  California.  (Adapted  from  Reference  1.) 
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engineering  control.  With  a  more 
subdued  child,  results  might  have 
been  even  more  favorable,  but  that 
is  conjecture  until  additional  moni- 
toring has  been  done. 

The  area  sample  measurements 
shown  in  Table  1  indicate  that  for 
casual  entry  into  the  room,  no 
personal  protective  equipment  (PPE) 
is  necessary  if  the  engineering  and 
administrative  controls  are  being 
applied.  It  also  indicates  that  no 
transmigration  of  aerosol  to  the 
corridor  or  adjacent  areas  occurs. 

The  personal  samples  reflect  a 
slight  excursion  above  the  recom- 
mended 2.7  |jLg/m'  (4.05.  ND.  4.54, 
4.73).  The  nondetectable  result 
occurred  during  a  period  of  fewer 
break-ins  (3)  and  less  caregiver  time 
in  tent  (68  min)  compared  to  periods 
of  more  break-ins  and  greater  total 
caregiver  time  in  tent  (125,  185,  and 
197  min).  With  the  PPE  all  results 
were  well  below  the  recommended 
standard  of  2.7  jxg/m'  with  a  protec- 
tion factor  (PF)  of  lOx. 

We  conclude  and  recommend:  (1) 
These  results  show  the  integrity  of 
the  engineering  system  in  reducing 
levels  of  ribavirin  aerosol  to  safe 
levels  for  those  casually  entering  the 
room.  Caregivers  who  must  break  into 
the  tent  should  use  a  personal,  fit- 
tested  respirator  with  a  10-fold  PF; 
(2)  the  child's  activity  may  have 
affected  the  levels  of  ribavirin 
detected  but  this  remains  to  be 
demonstrated;  and  (3)  the  engineering 
system  should  be  used  when  ribavirin 
therapy  is  delivered. 

William  Charney  IH 

Director 

Environmental  Health  &  Safety 

San  Francisco  General  Hospital 

Medical  Center 

San  Francisco.  California 
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Ventilator  Circuits: 

What  \ou  See  May  Not  Be 

What  You  Get 

Knowledge  of  the  function  and 
limitations  of  equipment  is  one  of  the 
key  attributes  the  respiratory  care 
practitioner  brings  to  the  bedside. 
However,  increasing  sophistication  in 
the  intensive  care  unit  may  place 
undue  emphasis  on  highly  technical 
equipment.  Less  advanced  equipment 
in  routine  use  (particularly  disposable 
items)  may  be  perceived  as  less 
important  and.  therefore,  subject  to 
less  stringent  evaluation.  We  present 
such  an  example,  involving  a  dispos- 
able ventilator  circuit. 

During  routine  testing  with  a  lung 
model,  we  observed  spurious  volume 
and  flow  readings  from  a  Hamilton 
Veolar  Ventilator  (Hamilton  Medical, 
Reno  NV).  In  this  instance,  flowrate 
was  overestimated  by  approximately 
30%  and  tidal  volume  by  20-25%.  We 
immediately  recalibrated  the  dispos- 
able, variable-orifice  flowsensor 
according  to  the  manufacturer's 
recommendation.  Inaccurate  readings 
persisted.  A  new  tlowsensor  was 
removed  from  its  package,  calibrated, 
and  placed  in  the  ventilator  circuit. 
No  improvement  was  noted.  Evalua- 
tion of  internal  calibration  was 
performed  by  one  of  us  (DT)  trained 
in  the  procedure,  and  no  problems 
were  identified.  During  examination 
of  the  second  flowsensor,  one  of  us 
(DT)  noticed  that  the  Y-piece  in  the 
ventilator  circuit  (Marquest,  Engle- 
wood  CO)  was  unusual.  On  further 
inspection  we  found  that  instead  of 
being  a  simple  Y-piece,  a  rectangular 
opening  4.5  centimeters  long  and  1.0 
centimeter  wide  connected  the  inspi- 
ratory and  expiratory  tubes  to  the 
patient  connection  (Fig.  1).  Figure  2 
shows  the  outward  appearance  of  a 
conventional  Y-piece  (Hudson-RCl, 


i 


aS 


Fig.  1.  The  Marquest  Y-piece  (top) 
and  a  conventional  Y-piece  (bottom) 
in  longitudinal  section.  The  dark- 
shaded  areas  represent  the  path  of 
gas  flow  to  the  patient.  Note  the 
rectangular  opening  in  the  Marquest 
Y-piece. 


Fig.  2.  External  appearance  of  the 
Marquest  Y-piece  (left)  and  the  con- 
ventional Y-piece.  with  connecting 
elbows. 


Temecula  CA)  and  the  Marquest  Y- 
piece.  We  speculated  that  this  opening 
caused  enough  flow  resistance  and 
turbulence  to  effect  flowsensor  accu- 
racy. We  took  two  Y-pieces  of  each 
type  shown  in  Figure  2  and  measured 
the  pressure  drop  across  each,  with 
and  without  the  connecting  elbow  at 
0.5,  1.0.  1.5.  and  2.0  L/s  using  a 
Timeter  RT-200  calibration  analyzer 
(Timeter,  Lancaster  PA).  Table  1 
demonstrates  these  results.  We  then 
capped  the  patient  port  of  the  Y-piece 
and  measured  the  pressure  drop  across 
the  Y-piece  from  inspiratory-to- 
expiratory   side.   This   was  done   to 
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Table  1.  Average  Pressure  Drops  across 
Y-Pieces  with  and  without  the  Connecting 
Elbow 


Pressure  Drop  (cmHjO) 

Flow 

Hudson-RCI 

Marquest 

(Us) 

Without 

With 

Without     With 

0.5 

0.5 

0.18 

0.13         0.28 

1.0 

0.31 

0.69 

0.53         1.08 

1.5 

0.51 

1.46 

1.29         2.37 

2.0 

0.96 

2.61 

2.25         4.40 

simulate  the  use  of  continuous  flow 
in  the  circuit,  which  is  used  clinically 
in  the  IMV.  CPAP,  and  Flow-By 
modes  of  the  Puritan-Bennett  7200a 
(Puritan  Bennett  Corp.  Carlsbad  CA). 
These  results  are  shown  in  Table  2. 


Table  2.  Average  Pressure  Drops  across 
Y-Pieces  with  the  Patient  Port  Capped  and 
Flow  Traversing  the  Y  from  the 
Inspiratory  to  the  Expiratory  Side 


Flow 


Pressure  Drop  (cm  HjO) 


(L/s) 

Hud.son-RCl 

Marquest 

0.5 

0.10 

0.20 

1.0 

0.35 

0.74 

1.5 

0.79 

1.62 

2.0 

1.42 

3.04 

Tables  1  and  2  clearly  show  that 
pressure  drop  across  the  Marquest  Y- 
piece  is  much  greater  than  across  the 
standard  Y-piece  in  both  situations. 
We  are  unaware  of  the  rationale 
behind  the  change  in  Y-piece  config- 
uration in  the  Marquest  circuit. 
Purchase  of  ventilator  circuits  in  our 
institution  is  guided  to  a  small  extent 
by  clinical  use  and  evaluation  and  to 
a  large  part  by  competitive  bidding 
by  local  manufacturers"  representa- 
tives. To  our  chagrin,  our  evaluation 
(RB.  RC)  was  obviously  inadequate. 
To  test  our  theory,  we  placed  a  5- 
inch  piece  of  flex  tubing  between  the 
Y-piece  and  the  flow  sensor  (Fig.  3). 
We  hypothesized  that  this  length  of 


tubing  would  allow  the  flow  to 
become  less  turbulent.  Following  this 
change,  volume  and  flow  readings 
were  correct. 


Fig.  3.  Placement  of  the  flowsensor 
directly  above  the  Y-piece  (its  normal 
position)  and  at  the  end  of  the  flex  tube. 

It  is  our  contention  that  the  Y-piece 
in  question  provides  enough  flow 
resistance  to  increase  turbulence  and 
prohibit  proper  flowsensor  function. 
The  effects  this  may  have  on  other 
ventilators  is  unknown.  However,  we 
speculate  that  the  increased  resistance 
may  add  to  imposed  loads  on  the 
respiratory  muscles,  cause  erroneous 
measurement  of  peak  airway  pres- 
sure, and  interfere  w  ith  other  flow  and 
volume  measurement  devices.  Inac- 
curate measurement  of  airway  pres- 
sure during  spontaneous  breathing 
from  a  demand  valve  or  during  flow 
by,  may  cause  patient-ventilator 
dysynchrony.  Certainly,  in  the  ca.se 
of  a  proximal  airway  flowsensor. 
function  and  accuracy  are  adversely 
effected. 

Of  note  is  the  large  change  in 
pressure  drop  across  the  respective  Y- 
pieces  when  the  connecting  elbow  is 
added.  Although  some  increase  could 
be  expected  because  of  the  90°  angle 
of  the  elbow,  we  were  surprised  by 
the  magnitude  of  the  increase. 

We  conclude  ihal  the  Marquest  Y- 
piece  prevents  proper  function  of  the 
Hamilton  Medical  flowsensor  due  to 
increased  turbulence  created  as  gas 
traverses   the   rectangular   openings. 


Consequently,  we  believe  that  this 
disposable  ventilator  circuit  should 
not  be  used  with  either  the  Hamilton 
Veolar  or  Amadeus  ventilators.  In 
fact,  we  recommend  that  the  manu- 
facturer consider  redesign  of  the  Y- 
piece  to  a  more  conventional  config- 
uration. We  also  question  the  routine 
use  of  connecting  elbows  on  venti- 
lator circuits  because  of  their  effects 
on  resistance.  Perhaps  a  small, 
disposable  flex  tube  that  allows  a 
more  gradual  angle  of  approach  to  the 
patient  airway  would  be  appropriate. 
Several  manufacturers  provide  this 
type  of  connecting  tube. 

Lastly,  we  encourage  practitioners 
to  use  the  same  scrutiny  in  evaluating 
the  $2.00  components  of  the  patient- 
ventilator  system  that  they  use  in 
evaluating  the  $20,000  components. 

Richard  D  Branson  RRT 

Clinical  Instructor 
Department  of  Surgery 

Robert  S  Campbell  RRT 

Critical  Care  Coordmator 

University  of  Cincinnati 

Medical  Center 

Cincinnati.  Ohio 

David  Thompson  RRT 

Marketing  Manager 

Hamilton  Medical 

Reno,  Nevada 
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Notices 


THE  ALLEN  AND  HANBURYS  PUBLICATIONS  AWARDS 

FOR  1991 

1.  S2.()00  tor  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted 
tor  publication  in  Rlspiratorv  Cark  from  November  IWO  through  October  1991. 

2.  Four  awards  of  $  1 ,000  each  for  papers  based  on  1 990  Open  Forum  presentations 
accepted  for  publication  in  Rf.spiratory  Care  from  November  1990  through  October 
1991. 

3.  Five  awards  of  S.SOO  each  for  the  best  papers  (submitted,  not  necessarily  published ) 
from  "never  published  in  RC  Open  Forum  participants.  The  author  must  present 
the  abstract  at  the  Annual  Meeting  and  must  submit  a  paper  based  on  the  abstract 
hefore  the  Annual  Meeting  (received  in  the  Editorial  Office  by  Decetnber  1 ). 


REGISTRATION  REIMBURSEMENT 
FOR  OPEN  FORUM  PAPERS 

Any  1991  OPEN  FORUM  presenter  (or  co-aulhor  designee)  who  submits 
an  adequately  prepared  paper  based  on  his  or  her  Open  Forum  presentation 
prior  to  or  at  the  I99I  Annual  Meeting  will  be  reimbursed  for  Annual  Meeting 
registration.  The  submitted  paper  must  contain  complete  data,  be  appropriately 
organized,  and  be  typed  double-spaced.  Camera-ready  artwork  need  not  be 
submitted  with  the  paper,  but  sketches  of  proposed  figures  should  be  clear  and 
detailed  enough  to  allow  critique. 


AARC  SUMMER  FORUM— ,Iul.v  12-14,  1991 

Come  and  "climb  the  highest  mountain"  wilh  your  fellow  therapists  at  the 
AARC  Summer  Forum  in  Vail.  Colorado,  at  the  Weslin  Hotel.  Contact  the  AARC 
Conventions  Dept.  at  (2141  243-2272. 

AARC  ANNUAL  CONVENTION  SITES  &  DATES 

1991— Atlanta.  Georgia.  December  7-10 
1992 — San  Antonio.  Texas.  December  12-15 
1993 — Nashville.  Tennessee.  December  1 1-14 
1994 — Las  Vegas.  Nevada.  Decemtier  12-1.5 
1995— Orlando.  Florida.  December  2-5 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE 

1991  Examination  and  Fee  Schedule 

CRTT  Examination 

Fee  Schedule 

EXAMINATION  DATE:                                         JULY  20 

1991 

Entry  Level  CRTT — new  applicant: 

$  75.00 

Applications  Accepted  Beginning:                               March  1 

1991 

Entry  Level  CRTT— reapplicani: 

$  50.00 

Application  Deadline:                                                   May  1 

1991 

RRT  Written  and  Clinical  Simulation — 

EXAMINATION  DATE:                               NOVEMBER  4 
Applications  Accepted  Beginning:                                July  1 
Application  Deadline:                                          September  1 

1941 
1991 
1991 

new  applicant: 
Written  Registry  Only  new  applicant: 
Written  Registry  Only  reapplicani: 
Clinical  Simulation  Only  new  and  reapplicani: 

$175.00 
$  75.(X) 
$  50.00 
$100.00 

RRT  Examination 

Entry  Level  CPFT — new  applicant: 

$100.00 

Entry  Level  CPFT — reapplicani: 

$  80.00 

EXAMINATION  DATE:                               DECEMBER  7 

1991 

Advanced  RPFT — new  applicant; 

$150.00 

Applications  Accepted  Beginning:                                June  1 

1991 

Advanced  RPFT — reapplicani: 

$130.00 

Application  Deadline:                                                  August  1, 

1991 

CRTT  Recredentialing: 

$  25.00 

RPFT  Examination 

RRT  Recredentialing: 

Written  Registry  Examination 

S  25.00 

EXAMINATION  DATE:                                DECEMBER  7 

1991 

Clinical  Simulation  Examination 

$  65.00 

Applications  Accepted  Beginning:                                July  1 

1991 

CPFT  Recredentialing: 

S  25.00 

Application  Deadline:                                         September  1 

1991 

RPFT  Recredentialing: 
Membership  Renewal 

$  90.00 

CRTT/RRT/CPFT/RPFT 

$   12.00 
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Amen€a^s  Best  Long  Distan€e  Value, 
Even  Better  For  Our  Members. 


Exciting  news  for  your  business  bottom  line!  Your 
company  con  now  en|oy  the  quality  and  price 
advantages  of  US  Sprint®  fiber  optic  long 
distance  at  special  member  discounts  on  out-of- 
state  calls: 

•  1 0%  off  daytime  rates 

•  4%  off  evening  rates 

•  3%  off  night  and  weekend  rotes 

OR: 

•  5%  off  Dial  1  WATS  daytime  colls  for 
customers  witfi  higher  long  distance  usage 

The  best  port  is  that  these  discounts  are  in 
addition  to  US  Sprint's  already  low  rates. 

Fiber  Optic  Quality, 
24-Hour  Customer  Service 

US  Sprint  can  offer  us  these  extra  savings 
because  its  nationwide  1 00%  digital  Fiber  Optic 
Network  not  only  sets  a  revolutionary  new 


standard  in  sound  quality  but  is  the  most  cost- 
effective  method  of  telephone  transmission  now 
in  use.  US  Sprint  con  take  you  not  only  anywhere 
in  the  nation,  but  anywhere  in  the  world  you  want 
to  do  business.  You'll  get  24-hour  Operator 
Services,  Directory  Assistance  and  Customer 
Service.  Plus  you'll  benefit  from  a  full  range  of 
features  that  enhance  your  business  productivity. 

US  Sprint  FOHCARDs'^ 
FREE  For  Our  Members 

FONCARD  gives  you  US  Sprint  quality  and 
savings  away  from  your  office.  Every  out-of- 
state  call  saves  you  25c*  over  AT&T's  surcharge 
and  up  to  1 0%,  20%,  even  30%  over  AT&T's 
standard  rates.  Your  special  discounts  apply  to 
all  FONCARD  charges,  plus  FONCARD  is  free 
with  US  Sprint  long  distance  service. 

'For  calls  greater  Ition  11  miles  in  distance. 


TO  GET  THIS  EXCLUSIVE  MEMBER  BENEFIT, 

CALL  NOW  TOLL-FREE  1  800  669-8585. 


Not-for-profit  organizations  arc  offered  a  free  adx  enisetncnl  ot  up  lo  eighl  lines  to  appear,  on  a  space  available 
basis,  in  Calendar  of  Events  in  Ri  spiratorv  Caki  .  Ads  for  other  meetings  are  priced  at  $5.50  per  line 
and  require  an  insenion  order.  Deadline  is  the  2()th  of  month  Iwo  months  preceding  Ihe  month  you  wish 
the  ad  to  run.  Submit  copy  and  insenion  orders  to:  Calendar  of  hvents.  Ri  .spiraiorv  CARt.  I  H)M)  .Abies 
l.ane.  Dallas  TX  75:24. 


Calendar 
of  Events 


AARC  &  AFFILIATES 


June  12-14  in  Vail.  Colorado.  The  CSRC  State 
Convention's  theme  '"Bringing  It  All  Together" 
focuses  on  the  crossover  between  hospital  and  home 
care.  A  golf  tournament  is  featured  for  the  morning 
of  the  12th.  followed  by  a  barbecue  picnic  in  the 
evening.  Contact  Jim  Bowman,  Vencor  Hosn.  1920 
High  St,  Denver  CO  80218.  (303)  320-5871. 

June   12-14  in  St  Charles,  Illinois.  The  ISRC 

presents  its  annual  convention,  "It's  a  Jungle  Out 
There."  to  be  held  at  Pheasant  Run.  Contact  Trudy 
Watson  RRT.  Black  Hawk  College.  6600  34th  Ave., 
Moline  IL  61265.  (309)  796-1311.  ext  3303,  or 
Vince  Madama  RRT.  Rock  Valley  College,  3301 
N  Mulford  Dr.  Rockford  IL  61 103.  (815)  654-4413 
or (815) 654-4410. 

June  27-29  in  Monterey,  California.  The  CSRC 

holds  its  23rd  Annual  Meeting  at  the  Doubletree 
Inn  and  Monterey  Convention  Center.  Conference 
topics  include  "Liquid  Perfluorchemicai  Ventila- 
tion," "DNAse  Aerosol  Therapy  in  Cystic 
Fibrosis,"  "Adult  Exosurf,"  and  Professor's 
Rounds,  a  4-hour  presentation  featuring  Neil 
Maclntyre  MD,  David  Pierson  MD,  John  Marini 
MD,  and  Robert  Kacmarek  PhD  RRT.  Contact  John 
Bigler,  Executive  Director,  CSRC,  24307  Magic 
Mountain  Parkway  #288.  Valencia  Ca  91355.  To 
register  call  (800)-543-CSRC  (2772). 

July  10-12  in  Houston,  Texas.  The  TSRC  meeting 
features  AARC  President  Patrick  Dunne,  and  Kevin 
Shrake,  Diane  Lewis,  Connie  Podesta,  and  Ulf  Borg. 
For  information  contact  TSRC  Executive  Office, 
PO  Box  515239.  Dallas  TX  75251.  (214)  239-8772 
or  fax  (214)  239-6418. 

July  12-14  in  Vail,  Colorado.  The  AARC  presents 
the  Summer  Forum.  See  the  April  issue  of  AARC 
Times  for  more  infomiation  or  call  the  AARC 
Convention  Department  at  (214)  243-2272. 

August  7-9  in  Albuquerque,  New  Mexico.  Come 
help  celebrate  our  Silver  Anniversary  at  the  Annual 
Summer  Convention  &  Exhibition  at  the  Albu- 
querque Holiday  Inn-Pyramid.  The  NMSRC  4th 
Annual  Golf  Tournament  is  featured  on  August  7 


at  one  of  the  ct)untry"s  top  50  public  courses,  Cochiti 
Lake.  Contact  Robert  Quintela  RRT  RCP,  Res- 
piratory Therapy,  St  Joseph's  West  Mesa  Hospital. 
10501  Golf  Course  Road  NW.  Albuquerque  NM 
87106. 

September  19-20  in  Indianapolis,  Indiana.  The 
ISRC  presents  its  18th  Annual  Fall  Seminar  at  the 
Holiday  Inn — North.  The  two  full  days  feature 
lectures,  specialty  sections,  exhibits,  and  Sputum 
Bowl  competitions.  Topics  include  the  future  of 
ventilation,  home  care  accreditation,  pediatric 
rehabilitation.  MDI  therapy,  total  quality  manage- 
ment, asthma,  critical  care,  and  Exosurf  use.  Contact 
Kathleen  Lee,  Ivy  Tech,  PO  Box  1763,  Indianapolis 
IN  46206.  Or  call  (317)921-4402. 


OTHER  MEETINGS 


June  11  in  Chicago,  Illinois.  Christ  Hospital  and 
Medical  Center  hosts  a  seminar,  "Respiratory 
Distress  in  the  Newborn:  Advances  Beyond 
Conventional  Ventilation,"  at  the  Holiday  Inn- 
Chicago  City  Center.  Sessions  focus  on  maximum 
medical  management,  Exosurf  therapy,  jet  venti- 
lation in  the  management  of  respiratory  distress, 
and  ECMO.  Contact  Diane  Ostrowski  at  (708)  857- 
1004,  pager  2129. 

June    17-July   26   in    Mobile,   Alabama.   The 

University  of  South  Alabama,  Department  of 
Respiratory  Care  and  Cardiopulmonary  Sciences 
conducts  a  6-week  nontraditional  respiratory  therapy 
program  for  registry  eligibility.  Contact  William  V 
Wojciechowski  MS  RRT,  University  of  South 
Alabama,  Department  of  Respiratory  Care  and 
Cardiopulmonary  Sciences,  1504  Springhill  Ave, 
Mobile  AL  36604. 

June  25-27  in  Cain  Township,  Pennsylvania.  Sky 

FlightCare  hosts  a  tlight  physiology  and  aeromed- 
icine  course.  "The  Basics  and  Beyond:  Aeromedical 
Concepts"  offers  the  principles  of  flight  physiology 
and  aeromedicine  to  RNs,  PAs,  EMT-Ps.  and  RCPs. 
Contact  Jeffrey  Hamilton.  President.  ATS  Inc.  368 
Denbigh  Village  Centre,  Suite  153,  Newport  News 
VA  23602.  (804)  874-4030. 
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Smokers  Need  YOU 

to  help  them  quit 

Now  You  Can  help  with. . . 

IF  YOU  SMOKE...PLEASE  TRY  QUITTING 


The  AARC  has  teamed  up  with  California  College 
for  Health  Sciences  to  ofTer  you  a  "no  gimmick" 
approach  to  help  the  smoker  who  wants  to  quit  or 
whose  life  depends  on  quitting.  Based  on  sound  psy- 
chological   principles.    If   You    p 

Smoke...  offers  information  to 
aid  you  in  helping  your  patients 
overcome  both  the  physical 
addiction  and  psychological 
dependency  of  smoking.  By 
Patricia  Scheiderman  and  Dr. 
Stan  Lederman,  If  You 
Smoke...  is  a  result  of  years  of 
research  and  teaching  by 
Lederman,  a  clinical  psycholo- 
gist and  former  smoker. 

If  You  Smoke...  incorporates 
all  the  elements  of  a  successful  smoking  cessation 
program  —  proven  in  a  clinical  setting,  in  four  parts 
that  help  the  smoker  focus  on  the  benefits  of  quitting 
instead  of  negative  aspects: 

•  Preparing  to  Quit 

•  Learning  the  Right  Way  To  Quit 

•  Setting  Yourself  Up  For  Success 

•  Quitting  For  Life 

Other  tools  for  relieving  anxiety  after  quitting  and 
learning    how    to    deal    with    irritability    and    other 


If  you  smoke 

please  try  quitting 


problems  facing  the  new  non-smoker  are  also  a  part 
of  the  If  You  Smoke...  program.  The  60-minute  audio 
tape  will  take  the  participant  through  a  progressive 
relaxation  program  helping  the   smoker  relieve  the 

new  tension  of  quitting. 

Health      promotion      and 
disease  prevention         is 

certainly  one  of  your  goals 
but  you  will  also  be  able  to 
fulfill  important  continuing 
education  requirements  by 
completing  this  two-session, 
six  CEU  course  that  will 
qualify  you  to  conduct  a 
smoking  cessation  program 
for  your  patients. 
The  program  includes  an 
instructor's  manual,  workbook,  and  companion  audio 
tape  and  costs  less  than  what  an  average  smoker 
spends  on  cigarettes  in  five  weeks. 

Materials  for  your  patients  participating  in  the 
If  You  Smoke...  smoking  cessation  program  includes 
the  workbook  and  60-minute  companion  tape. 

Item  BK13-lnstructor's  Kit  -  includes  manual,  workbook,  and  60-minute 
companion  audio  tape  -  $70  (AARC  Members  Pay  Only  $60) 
Item    BK14    -    Participant's    Kit   -    includes    workbook    and   60-minute 
companion  audio  tape  -  $28  (AARC  Members  Pay  Only  $18) 


I  want  to  help  my  patients  quit  smoking. 

Send  me: 

copy(ies)  of  If  you  Smoke....  Instructor  Kit— $70  (Members  $60)  BK13 

copy(ies)  of  If  you  Smoke....  Participant  Kit— $28  (Members  $18)  BK14 


D  Payment  is  enclosed  in  the  amount  of  $. 
n  Bill  me,  my  purchase  order  number  ;s_ 
Charge  to  my  D  Visa,  □  MasterCard. 
Number  


Exp.  Date 


Signature. 
Name 


Address . 
City 


AARC  Member  Number  (  necessary  for  AARC  member  price). 


State 


Zip 


Mail  to  The  AARC,  11030  Abies  Lane,  Dallas,  TX  75229 


RE/PIRATORy  C^RE 


Instructions  for  Authors  and  Typists 


These  Instructions  are  meant  to  guide  authors  and  typists,  including 
veterans  in  those  roles,  in  the  production  of  quality  manuscripts.  Perfection 
is  not  expected,  but  the  well-prepared  manuscript  has  the  best  chance 
lor  prompt  review  and  early  publication. 

General  Requirements 

Submissions  should  (1)  be  related  to  respiratory  care,  (2)  be  planned 
for  one  of  the  publication  categories  below,  and  (3)  be  prepared  as 
indicated  in  these  Instructions.  A  letter  accompanying  the  manuscnpt 
must  specify  the  intended  publication  category,  be  signed  by  all  the  authors, 
and,  when  there  are  two  or  more  authors,  state  that  "We,  the  undersigned, 
have  all  participated  in  the  work  reported,  read  the  accompanying 
manuscript,  and  approved  its  submission  for  publication." 

Publication  Categories 

Research  Article  (Study):  A  report  of  an  original  investigation. 

Evaluation    of   a    Device/ Method/Technique:    A    description    and 

evaluation  of  an  old  or  new  device,  method,  technique,  or  modification. 

Case  Report:   A   report  of  a  clinical  case  that  is  uncommon  or  of 

exceptional  teaching  value.  The  author(s)  must  have  been  associated 

with  the  case.  A  case-managing  physician  must  be  one  of  the  authors 

or,  if  not  an  author,  must  supply  a  letter  approving  the  manuscript. 

Case  Series:  Like  a  Case  Report  but  including  a  number  of  cases. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature  and 

state  of  the  art  of  a  pertinent  topic  that  has  been  the  subject  of  40 

or  more  published  research  papers. 

Overview:  .A  critical  review  of  a  pertinent  topic  about  which  not  enough 

research  has  been  published  to  merit  a  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 

critically  reviewed  (not  necessarily  in  this  journal). 

Point  of  View:  A  paper  expressing  the  author's  personal  opinions  on 

a  pertinent  topic. 

Special  Article:  If  a  paper  does  not  fit  one  of  the  foregoing  categories 

but  is  peninent,  the  editors  may  consider  it  as  a  Special  Article. 

Editorial:  A  paper  that  draws  attention  to  a  pertinent  concern. 

Letter:  A  signed  communication  about  material  published  in  this  journal 

or  on  topics  of  interest  or  value  to  readers. 

Blood  Gas  Comer:  A  brief,  instructive  case  report  (real  or  fictional) 

involving  invasively  or  noninvasively  obtained  respiratory  care  blood 

data,  followed  by  questions  for  readers — with  answers  and  discussion. 

PFT  Comer:  Like  Blood  Gas  Corner  but  involving  pulmonary  function 

testing. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Comer  and  PFT  Corner 

but  involving  pulmonary-medicine  radiography  and  including  one  or 

two  4  X  5  or  5  ^  7  inch  prints  of  radiographs.  The  case  must  be  real. 

Review  of  Book,  Film,  Tape,  or  Software:  Anyone  interested  in  writing 

a  review  can  discuss  it  with  an  editor. 

Editorial  Consultation  and 
Author's  &  Typist's  Kit 

To  discuss  a  writing  project,  write  to  Respiratory  Care,  1 1030  Abies 
Une.  Dallas  TX  75229  or  call  214/243-2272. 

Authors  are  urged  to  obtain  the  Respiratory  Care  Author's  &  Typist's 
Kit.  The  Kit  provides  authors  with  specific  guidance  about  writing  a 
research  paper,  writing  a  case  report,  converting  to  and  from  SI  units. 


and  in-house  manuscript  review.  Typhis  can  use  the  Kit's  Model 
Manuscript,  a  list  of  journal  name  abbreviations,  and  a  copy  of  these 
Instructions.  The  Kit  is  free  from  the  Journal  office. 

Preparing  the  Manuscript 
General  Concerns —  Typist 

•  Double-space  ALL  lines,  including  those  in  references,  figure  legends, 
and  tables.  Do  not  justify  right  margins. 

•  Number  pages  in  upper  right  corner  and  leave  margins  of  XVi'  or 
more  on  all  four  sides  of  the  page. 

•  For  research  articles,  follow  format  of  Model  Manuscript,  Respir  Care 
1984:29:182  (Feb  1984). 

•  Meticulously  follow  instructions  for  typing  references. 

General  Concems — Author: 

•  Structure  manuscript  as  specified  hereafter. 

•  Provide  all  requested  information  on  title  page  as  specified  hereafter. 

•  Proofread  manuscript  for  completeness,  clarity,  grammar,  spelling; 
be  sure  all  references,  figures,  and  tables  are  cited  in  the  text. 

•  Consider  having  paper  reviewed  in-house  before  submission. 

•  Have  all  co-authors  proofread  and  approve  manuscript  and  sign 
submission  letter. 

Manuscript  Structure 

Most  kinds  of  papers  have  standard  parts  in  a  standard  order.  However, 
papers  can  vary  individually,  and  not  every  paper  will  have  all  the  parts 
listed  here. 

Research  Article:  Title  page,  abstract  page,  continuous  text  (Introduction, 
Materials  &  Methods.  Results.  Discussion),  Product  Sources  page. 
Acknowledgments  page,  references,  tables,  figure  legends.  Please  consult 
"Writing  a  Research  Paper,"  Respir  Care  1985:30:1057  (Dec  1985) 
and  Model  Manuscript,  Respir  Care  1984;29:I82  (Feb  1984). 
Evaluation  of  Device/Method/Technique:  Title  page,  abstract  page, 
continuous  text  (Introduction,  Description  of  Device/Method/Technique, 
Methods  of  Evaluation,  Results  of  Evaluation,  Discussion),  Product 
Sources  page.  Acknowledgments  page,  references,  tables,  figure  legends. 
Case  Report  or  Case  Series:  Title  page,  abstract  page,  continuous  text 
(Introduction,  Case  Summary,  Discussion),  Acknowledgments  page, 
references,  tables,  figure  legends.  Also  see  "How  To  Write  a  Better  Case 
Report."  Respir  Care  1982:27:29  (Jan  1982). 

Review  Article:  Title  page.  Table  of  Contents  page,  continuous  text 
(Introduction.  History.  Review  of  Literature.  State  of  the  Art.  Discussion. 
Summary),  references.  May  include  figures  &  tables.  No  abstract.  Table 
of  Contents  optional.  Other  formats  may  be  appropriate. 
Overview,  Update,  Point  of  View,  or  Special  Article:  Title  page,  text 
(introduction,  message),  references,  tables,  figure  legends.  No  abstract. 
Letter:  Title  page  (provide  a  title),  text,  writer's  name  &  affiliation, 
references.  Tables  &  figures  may  be  included.  Double-space  everything. 
Write  "For  Publication"  on  title  page. 

Stmcture:  Important  Details 

Title  Page:  List  title  of  paper,  all  authors'  full  names,  degrees,  credential 
letters,  professional  positions,  and  affiliations.  List  correspondence  address, 
telephone  number,  and  reprint  address  if  desired.  Name  sources  of  grants 
or  other  support.  Identify  any  author's  consulting  or  commercial 
relationships  that  pertain  to  the  paper's  topic. 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPISTS 


Abstract  Page:  Number  ihis  Page  1.  List  paper's  title  but  omit  authors" 
names.  Abstract  should  be  200  words  or  less  and  must  be  informative, 
briefly  specifying  main  points  of  paper,  such  as  methods,  results,  and 
conclu.sions  drawn. 

Statistical  Analysis:  In  research  articles,  identify  statistical  tests  and  chosen 
level  of  significance  in  the  Methods  section.  In  Results  section,  report 
actual  P  \alues. 

Figures  (Illustrations):  All  photographs,  diagrams,  &  graphs  must  be 
numbered  as  Figure  1.  Figure  2.  etc.  according  to  the  order  in  which 
each  IS  first  mentioned  in  the  text.  Photographs  must  be  glossy  prints 
5  X  7  to  8  X  10  inches  and  should  be  black  &  white  unless  color 
is  essential.  Letters  and  numerals  must  be  neat  and  large  enough  to 
remain  legible  if  figure  is  reduced  in  size  for  publication.  Final  figures 
must  be  of  profes,sional  quality,  but  "rough'  sketches  may  accompany 
the  submitted  manuscript,  with  final  figures  to  be  prepared  after  review. 
Identifv  each  figure  on  back  with  a  stick-on  label  showing  figure  number 
and  arrow  indicating  top;  omit  author's  name.  Cover  label  with  clear 
tape  so  ink  will  not  smudge  other  prints.  Supply  three  sets  of  unmounted 
figures.  If  figure  has  been  published  before,  include  copyright-holder's 
written  permission  to  use  it. 

Figure  Legends:  List  figure  legends  on  a  separate  page,  not  on  figures. 
If  a  figure  has  been  published  before,  list  the  source  in  the  legend. 
Tables:  Tvpe  each  table  on  a  separate  page.  Avoid  more  than  8  columns 
across.  Continue  a  deep  table  on  following  pages.  Give  each  table  a 
number  and  descriptive  title,  placed  above  the  table.  Double-space  ALL 
lines  in  tables,  including  column  headings  and  footnotes. 
Drugs:  Brand  names  may  be  given,  but  always  also  show  generic  names. 
Units  of  Measurement:  In  addition  to  conventional  units  of  measure, 
show  SI  values  and  units  in  brackets  after  conventional  expressions:  ie, 
"PEEP,  10  cm  H;0  [0.98 1  kPa]."  For  conversion  to  SI,  see  Respiratory 
Care  1988;33:861-873  (Oct  1988). 

Commercial  Products:  If  three  or  fewer  commercial  products  are  named 
in  the  text,  list  the  manufacturer's  name  and  location  in  parentheses 
the  first  time  each  is  mentioned.  If  four  or  more  products  are  named, 
do  not  list  manufacturers  in  the  text;  instead,  name  the  products  and 
manufacturers  in  a  Products  Sources  list  at  the  end  of  the  text.  Provide 
model  numbers  when  available. 

Abbreviations:  Use  an  abbreviation  only  if  the  term  occurs  several  times 
in  the  paper.  Write  out  the  full  term  the  first  time  it  appears,  followed 
by  the  abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Do  not  create 
new  abbreviations  unless  absolutely  necessary. 

References: 

•  Use  references  to  support  statements  of  fact,  indicate  sources  of 
information,  or  guide  readers  to  further  pertinent  literature. 

•  Cite  only  published  works — or  works  accepted  for  publication.  When 
listing  an  accepted  but  still  unpublished  work,  designate  the  accepting 
journal's  name,  followed  by  "(in  press)  " 

•  In  the  text,  cite  references  by  superscript  numerals  (half  space  above 
text),  not  in  parentheses.  The  first  reference  cited  in  the  text  is  number 
1,  the  next  is  number  2.  etc. 

•  In  the  reference  list,  place  the  cited  works  in  numerical  order. 

•  For  the  reference  list,  obtain  author  names,  article  and  book  titles, 
dates,  volume  and  page  numbers  from  the  original  cited  articles  and 
books,  not  from  secondary  sources  such  as  other  articles'  reference  lists, 
which  often  are  inaccurate. 

•  Type  references  in  medical-journal  style  Examples  appear  at  the  end 
of  these  Instructions.  Abbreviate  journal  names  as  in  Index  Medicus. 
A  li.st  of  many  journal-name  abbreviations  was  published  in  Respir  Care 
1988:33:1050  (Nov  1988). 

•  DOUBLE-SPACE  the  lines  of  references. 

•  List  ALL  authors'  names.  Do  not  use  "et  al"  to  substitute  for  names. 

•  Identify  abstracts,  editorials,  and  letters  as  such.  See  examples. 

Personal  Communications,  Unpublished  Papers,  and  Unpublished 
Observations:  list  unpublished  items  in  parentheses  in  the  text,  not 
in  the  reference  list. 


Examples  of  How  To  Type  References 

Notes:  Although  the  examples  here  are  printed  with  single-spaced  lines, 
please  double-space  references  in  manuscripts.  Also,  note  that  words 
in  article  and  book  titles  are  not  capitalized — except  proper  names. 

Standard  Journal  Article: 

1.  Shepherd  KE.  Johnson  DC.  Bronchodilator  testing:  An  analysis  of 
paradoxical  responses.  Respir  Care  1988;33:667-671. 

Corporate  Author  Journal  Article: 

2.  American  Association  lor  Respiratory  Care.  Criteria  for  establishing 
units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988:33:1044-1046. 

Article  in  Journal  Supplement: 

(Journals   differ    in    their    methods   of   numbering   and    identifying 

supplements.  Supply  sufficient  information  to  allow  retrieval.) 

3.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1 986;89(  3.  supp  1 ):  1 39s- 1 43s. 

Abstract  in  Journal: 

(Abstracts  arc  not  strong  references;  when  possible,  full  papers  should 

be  cited.  When  cited,  abstracts  should  be  identified  as  such.) 

4.  Lippard  DL,  Myers  TF.  Kahn  SE.  Accuracy  of  pulse  oximetry  in 
severely  hypoxic  infants  (abstract),  Respir  Care  1988:33:886. 

Editorial  in  Journal: 
5    Rochester  DF.  Does  respiratory  muscle  rest  relieve  fatigue  or  incipent 
fatigue?  (editorial).  Am  Rev  Respir  Dis  1988:138:516-517. 
Letter  in  Journal: 

6.  Smith  DE,  Herd  D,  Gazzard  BG.  Reversible  bronchoconstriction 
with  nebulised  pentamidine  (letter).  Lancet  1988:2:905. 

Personal  Author  Book: 

7.  Nunn  JF.  Applied  respiratory  physiology.  New  York:  Appleton- 
Century-Crofts,  1969. 

Note:  To  specify  pages  cited  in  a  book,  place  a  colon  after  the  year 
and  then  list  the  page(s).  Examples:   1969:85  (one  page),  1963:85-95 
(series  of  contiguous  pages),  1 963:85,95  (separated  pages). 
Corporate  Author  Book: 

8.  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group,  1977. 

Book  with  Editor,  Compiler,  or  Chairman  as  'Author': 

9.  Guenter  CA,  Welch  MH,  eds.  Pulmonary  medicine.  Philadelphia: 
JB  Lippincott  1977. 

Chapter  in  Book: 

10.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA.  Welch  MH, 

eds.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.   1977:171- 

223. 

Submitting  the  Manuscript 

After  preparing  the  manuscript  according  to  these  Instructions,  perform 
a  final  proofreading  and  check  for  accuracy  and  completeness.  Then 
mail  three  copies  of  the  manuscript  and  three  sets  of  figures  to 
Respiratory  Care.  11030  Abies  Lane.  Dallas  TX  75229  (or  Federal 
Express  to  Respiratory  Care.  11030  Abies  Lane.  Dallas  TX  75229). 
Manuscript  copy  on  IBM-compatible  or  Macintosh  disks  in  addition 
to  the  requisite  three  hard  copies  will  facilitate  processing  (Macintosh 
preferred).  Enclose  a  letter  as  specified  under  General  Requirements 
at  the  beginning  of  these  Instructions.  Do  not  submit  material  that  has 
been  published  or  is  being  considered  elsewhere. 

Author's  Checklist 

1 .  Is  paper  for  a  listed  publication  category'.' 

2.  Does  cover  letter  meet  specifications'? 

3.  Is  title  page  complete'.' 

4.  Arc  all  pages  double-spaced  and  numbered? 

5.  Are  all  references,  figures,  and  tables  cited  in  the  text? 

6.  Are  references  typed  in  requested  style? 

7.  Have  SI  values  been  provided'.' 

8.  Has  all  arithmetic  been  checked? 

9.  Has  manuscript  been  proofread  by  all  authors? 
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News  releases  about  new  producls  and  services  will  be  considered  for  publicaticin  in  this 
section.  There  is  no  charge  for  these  listings.  Send  descriptive  release  and  glossy  black  and 
white  photographs  to  RhspiR.^TOR^  Carl  Journal,  New  Products  and  Services  Dept,  11030 
Abies  Lane,  Dallas  TX  75229. 


New  Products 
8c  Services 


RESPIRATORY  MUSCLE  TRAIN- 
ER. According  to  the  manufacturer, 
the  Breather  is  the  first  and  only 
patented  respiratory  muscle  trainer 
designed  to  simultaneously  train  and 
strengthen  both  inspiratory  and  expi- 
ratory muscles.  Resistance  is  provided 
during  inhalation  to  strengthen  the 
diaphragm  and  intercostal  muscles,  and 
during  exhalation  to  strengthen  the 
abdominal  muscles.  PAL  Medical  Inc. 
Dept  RC.  235  S  Maitland  Ave,  Suite 
214,  Maitland  FL  32751.  (800)  873- 
0773  or  (407)  539-1304. 


ROLLING  WALKER.  According  to 
the  manutacturer,  the  NcxtStep  rolling 
walker  is  designed  to  provide  walking 
assistance  indoors  and  outdoors,  and 
features  large  polyurelhane  wheels 
that  glide  easily  over  doorsills,  car- 
peting, and  uneven  walkways  while 
providing  stability,  easy-grip  hand- 


brakes; seat  and  tra\  atlachmcnts;  big 
baskets  for  shopping;  and  the  ca- 
pability t>f  carrving  a  pi)rtable  ven- 
tilator. The  Ncxt.Step  is  height- 
adjustable  and  ftikis  for  easv  storage 
and  transportation.  With  a  maxiniuni 
v\idth  of  22.5  inches  and  front  wheels 
that  extend  27.5  inches,  the  rolling 
walker  is  designed  to  be  easily  ma- 
neuvered through  tight  quarters  and 
narrow  doorwass.  NextStep  walkers 
come  in  two  models:  the  Standard  with 
two  handles,  and  the  Crossbar  for 
indiv  iduals  with  diminished  strength 
in  one  hand.  The  Nextstep  is  imported 
from  Sweden  where  it  has  been  in  use 
for  15  years.  NobleMotion  Inc.  Dept 
RC.  2120  One  Mellon  Bank  Center, 
Pittsburgh  PA  15219.  l-SOO-234- 
9255. 


PEAK  FLOW  METER.  The  Pocket 
Peak  Flow  Meter  is  designed  for 
monitoring  peak  expiratory  flowrate 
(PEF)  in  the  hospital,  clinic,  physician's 
office,  or  patient's  home.  The  unit 
features  an  operating  mechanism  con- 
sisting of  a  glass-reinforced  epoxide- 
laminate  vane  that  flexes  to  move  a 
scale  indicator;  there  are  no  springs  or 
pistons  to  weaken  or  wear  out. 
According  to  the  manufacturer,  the 
unit  provides  repeatability  of  ±  10  L/ 
min  at  any  reading  on  the  50-750  L/ 


min  graduated  scale,  and  accuracy  of 
±  10'-  for  readings  under  400  L/min 
and  up  to  ±  57(  for  a  reading  of  750 
L/mm.  The  Pocket  Peak  Flow  Meter 
(supplied  with  a  reusable  plastic 
mouthpiece)  is  priced  at  $18.95  retail. 
The  unit  weighs  80  grams,  and  its 
overall  size  (without  mouthpiece)  is 
5.5  X  4.5  X  1.25  inches.  Ferraris  Med- 
ical Inc.  Dept  RC,  PO  Box  344,  9681 
Wagner  Rd.  Holland  NY  14080.  (716) 
537-9151. 


ELECTRONIC  DIGITAL  RESPI- 
ROMETER.  The  Electronic  Digital 
Respirometer  features  a  large  easy-to- 
read  LCD  readout;  a  flow-sensing  unit 
(with  optional  cable)  that  can  be 
separated  from  the  control  unit  for  ease 
of  patient  use,  cleaning,  and  mounting; 
durability  (no  gears,  shafts,  or  bearings 
to  break  down);  and  a  flame,  acid,  and 
alkali-resistant  case.  The  2-piece 
detachable  respirometer  comes  with  a 
9-V  battery  and  one  22-mm  by  22- 
mm  female  adapter.  Also  available  are 
spare  fiow-sensing  units,  6-ft  cable,  AC 
adapter,  and  carrying  case.  Anesthesia 
Associates  Inc,  Dept  RC,  460  Enter- 
prise St,  San  Marcos  CA  92069.  (619) 
744-6561. 
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IT'S  THE  EASY  SOLUTION 


Proventil 

(albuterol  sulfate) 
Solution  for  Inhalation 


Unit  Dose  0.083%* 
0.57o*  20  mL  bottle 

'Potency  expressed  as  albuterol 


DESCRIPTION  PROVENTIL  brand  of  albuterol  sullale.  Solution  lot  Inbala- 
iion.  IS  3  reidttvely  selective  beta^-adrenergic  bronchodiialor  (see  CLINICAL 
PHARMACOLOGY  section  below]  Albuterol  sulfate  has  ttie  cliemical  name 
a'-l(/eff-6uIylamino)  methyl)-4-hydfOxy-m-)fylene-a.a'-diol  sulfate  (2:1) 
(salt),  and  the  lollwmg  ctiemicat  structure 


1- 


CHCH^NHCiCHj) 
OH 


Albuterol  sulfate  ftas  a  molecular  weight  of  576  7  and  tfie  empirical  formula 
(CnHTiNCyi-H^SO^  Albuterol  sulfate  is  a  wfiite  crystalline  powder,  soluble  in 
water  and  sligfilly  soluble  m  ettianol 

The  international  generic  name  lor  albuterol  base  is  salbutamol 

PRO^^NTlL  Solution  tor  Inhalation  is  available  m  two  concentrations  The 
05%  solution  IS  in  concentrated  lorm  Dilute  0  5  ml  ot  the  solution  to  3  mL 
with  normal  saline  solution  prior  to  administration  The  0083%  solution  re- 
quires no  dilution  prior  to  administration 

Each  mL  ol  PROVENTIL  Solution  lor  Inhalation  (0  5%)  contains  5  mg  ol 
albuterol  (as  6  0  mg  ol  albuterol  sulfate)  m  an  aqueous  solution  conlammg 
bervalkonium  cfilonde,  sulfuric  acid  is  used  to  ad|ust  the  pH  between  3  and  5 
PROVENTIL  Solulion  tor  Inhalation  (0  5%)  contains  no  sultiling  agents  It  is 
supplied  in  20  mL  bottles 

Eacli  mL  of  PROVENTIL  Solution  for  Inhalation  (0  083%)  contains  0  63  mg 
of  albuterol  (as  1 0  mg  of  albuterol  sulfate)  m  an  isotonic  aqueous  solution 
containing  sodium  chloride  and  benzalkomum  chloride,  sulfunc  acid  is  used  to 
adiust  the  pH  between  3  and  5  PROVENTIL  Solution  lor  Inhalation  (0083%) 
contains  no  sultiting  agents  It  is  supplied  in  3  mL  bottles  lor  unit-dose 
dispensing 

PROVENTIL  Solution  for  Inhalation  is  a  clear,  colorless  to  light  yellow 
solution 

CLINICAL  PHARMACOLOGY  The  pnme  action  of  beta-adrenergic  drugs  is 

to  stimulate  adenyl  cyclase,  the  enzyme  which  catalyzes  the  formation  of 
cyctic-3'.5'-adenosine  monophosphate  (cyclic  AMP)  from  adenosine  triphos- 
phate (ATP)  The  cyclic  AMP  thus  formed  mediates  the  cellular  responses  In 
vifro  studies  and  m  vivo  pharmacologic  studies  have  demonstrated  that  afbuterol 
has  a  preferential  etfecl  on  beta ^ -adrenergic  receptors  compared  with  isoprotere- 
nol While  It  IS  recognized  that'  betai -adrenergic  receptors  are  the  predominani 
receptors  in  bronchial  smooth  muscle,  recent  data  indicate  that  10  to  50%  ol  the 
beta  receptors  m  the  human  heal  may  be  beta2  receptors  The  precise  function 
of  these  receptors,  however  is  not  yet  established  Albuterol  has  been  shown  in 
most  controlled  clinical  trials  to  have  more  eilect  on  the  respiratory  tract,  in  the 
lorm  of  bronchiat  smooth  muscte  relaxation,  than  isoproterenol  al  comparabte 
doses  white  producing  fewer  cardiovascular  effects  Controlted  cfimcaf  studies 
and  other  clinical  experience  have  shown  that  mhafed  albuterol,  like  other  beta- 
adrenergic  agonist  drugs,  can  produce  a  significant  cardiovascular  effect  in 
some  patients,  as  measured  by  pulse  rale,  blood  pressure,  symptoms,  and' or 
ECG  changes 

Albuterol  is  longer  acting  than  isoproterenol  in  most  patients  by  any  route  of 
administration  because  it  is  not  a  substrate  tor  the  cellular  uptake  processes  lor 
catecholamines  nor  for  catechol-0-methyl  translerase 

Studies  m  asthmatic  patients  Ua^  shown  that  fess  than  20%  of  a  smgfe 
afbuterol  dose  was  absorbed  following  either  fPPB  or  nebufizer  administration, 
the  remainino  amount  was  recovered  from  the  nebulizer  and  apparatus  and 
expired  air  MosI  ol  the  absorbed  dose  was  recovered  in  the  unne  24  hours  alter 
dnjg  administration  Following  a  30  mg  dose  ot  nebulized  albulerof,  the  max- 
imum afbuterol  plasma  level  at  0  5  hour  was  2  1  ng/mL  (range  14  to  3  2 
ng/mL)  There  was  a  significant  dose-related  response  in  FEV,  and  peak  How 
rate  (PER)  It  has  been  demonstrated  that  following  oral  administration  of  4  mg 
albuterol,  the  elimination  halMile  was  5  lo  6  hours 

Animal  studies  show  that  albuterol  does  not  pass  the  blood-brain  barrier 
Recent  studies  in  laboratory  animals  (mmipigs,  rodents,  and  dogs)  recorded  the 
occurrence  ol  cardiac  arrhythmias  and  sudden  death  (with  histologic  evidence  ol 
myocardial  necrosis)  when  beta-agonists  and  methylxanthines  were  admin- 


istered concurrenffy  The  significance  ot  these  findings  when  appfied  to  humans 
is  currentfy  unknown 

In  controlted  clinicaf  triafs,  most  patients  exhibited  an  onset  of  improvement 
in  pulmonary  lunction  within  5  minutes  as  determined  by  FEV,  FEV,  measure 
ments  also  showed  Ihal  the  maximum  average  improvement  in  pulmonary 
function  usuafly  oaurred  at  approximately  1  hour  folfowmg  inhalation  of  2  5  mg 
of  afbuterol  by  compressor -nebulizer  and  remained  close  lo  peak  for  2  hours 
Cfinicaffy  sigmficanl  improvement  in  pulmonary  function  (defined  as  mainte- 
rwice  of  a  15%  or  more  increase  m  FEV,  over  baseline  values)  continued  for  3 
to  4  hours  m  most  patients  and  in  some  patients  continued  up  to  6  hours 

In  repetitive  dose  studies,  continued  effectiveness  was  demonstrated 
throughout  the  3-monih  period  ot  treatment  m  some  patients 

INDICATIONS  AND  USAGE  PROVENTIL  Solution  lor  Inhalation  is  indicated 
lor  the  relief  of  bronchospasm  m  patients  with  reversible  obstructive  airway 
disease  and  acute  attacks  ol  bronchospasm 

CONTRAINDICATIONS  PROVENTIL  Solution  tor  Inhafation  is  contraindi- 
cated  in  patients  with  a  history  of  hypersensitivity  to  any  of  its  components 

WARNINGS  As  with  other  inhaled  beta-adrenergic  agonists,  PROVENTIL 
Sofution  lor  Inhalation  can  produce  paradoxical  bronchospasm.  which  can  be 
lile  threatening  II  if  oaurs,  the  preparation  should  be  discontinued  immMliately 
and  alternative  therapy  instituted 

Fatalities  have  been  reported  in  association  with  excessive  use  ol  inhaled 
sympathomimelic  drugs  and  with  the  home  use  of  sympathomimetic  nebulizers 
It  IS,  therefore,  essential  that  the  physician  instruct  the  patienl  in  the  need  lor 
further  evaluation  il  his/her  asthma  becomes  worse  In  individual  palients,  any 
betap-adrenergic  agonisl.  including  albuterol  solution  lor  inhalation,  may  have  a 
clinically  significant  cardiac  etfecl 

Immediate  hypersensitivity  reactions  may  occur  after  administration  of  al- 
buterol as  demonstrated  by  rare  cases  of  urticana.  angioedema,  rash,  bron- 
chospasm, and  oropharyngeal  edema 

PRECAlfTIONS  General:  Albuterol,  as  with  all  sympathomimetic  amines, 
should  be  used  with  caution  in  patients  with  cardiovascufar  disorders,  especiaify 
coronary  insufficiency,  cardiac  arrhythmias  and  hypertension,  in  patients  with 
convufsive  disorders,  hyperthyroidism  or  diabetes  meHilus,  and  m  patients  who 
are  unusuafly  responsive  to  sympathomimetic  amines 

Large  doses  of  intravenous  albuterol  have  been  reported  to  aggravate  preex- 
isting diabetes  mellitus  and  ketoacidosis  Additionally  beta-agonists,  including 
albuterol,  when  given  intravenously  may  cause  a  decrease  in  semm  potassium, 
possibly  through  intracellular  shunting  The  decrease  is  usually  transient,  no! 
requiring  supplementation  The  relevance  ol  these  observations  to  the  use  ol 
PROVENTIL  Solution  lor  Inhalation  is  unknown 

Information  For  Patients:  The  action  ot  PROVENTIL  Solution  tor  Inhala- 
tion n^  last  up  to  6  hours  and  therefore  it  shoufd  nol  be  used  more  frequently 
ttian  recommended  Do  nol  increase  the  dose  or  frequency  of  medication  withoul 
medical  consultation  II  symptoms  get  worse,  medical  consultation  should  be 
sought  promptly  While  taking  PROVENTIL  Solution  lor  Inhalation,  other  anti- 
asthma  medicines  should  nol  be  used  unless  prescnbed 

Drug  Interactions:  Other  sympathomimetic  aerosol  bronchodilators  or  epi- 
nephrine should  nol  be  used  concomitantly  with  albuterol 

Albulerol  should  be  admimslered  with  extreme  caution  to  patients  being 
treated  with  monoamine  oxidase  inhibitors  or  tricyclic  anii depressants,  since  the 
action  ol  albulerol  on  Ihe  vascular  system  may  be  potentiated 

Beta-receptor  blockmo  agents  and  albuterol  inhibit  Ihe  efled  ol  each  olher 

Carcinogenesis,  Mutagenesis,  and  Impairment  ol  Fertility:  Ai 
bulerol  sullale,  like  other  agents  m  ils  class,  caused  a  sigmdcani  dose-ielaled 
increase  in  the  incidence  ol  benign  leiomyomas  of  the  mesovanum  in  a  2-year 
study  in  the  rat,  at  oral  doses  corresponding  lo  10.  50,  and  250  times  the 
maximum  human  nebulizer  dose  In  another  study,  Ihis  etfecl  was  blocked  by  Ihe 
coadministration  ol  propranolol  The  relevance  ol  these  findings  to  humans  is 
not  known  An  18-month  study  m  mice  and  a  liletime  study  m  hamsters  revealed 
no  evidence  ot  tumongentcity  Studies  with  albulerol  revealed  no  evidence  ol 
mutagenesis  Reproduction  studies  tn  rats  revealed  no  evidence  of  impaired 
fertility 

Teratogenic  Eflects-Pregnancy  Category  C:  Afbuterol  has  been  shown 
to  be  teratogenic  in  mice  when  given  subcutaneously  m  doses  corresponding  to 
the  human  nebulization  dose  There  are  no  adequate  and  well -control  led  studies 
m  pregnant  women  Albulerol  should  be  used  during  pregnancy  only  if  the 
potential  benefit  lustifies  the  potentiaf  risk  to  Ihe  fetus  A  reproduction  study  m 
CD-I  mice  with  albuterol  (0025.  0  25,  and  2  5  mg/kg  subcutaneously  corre- 
sponding lo  0 1,  1,  and  12  5  times  the  maximum  human  nebufization  dose. 
respectively)  showed  cleft  palate  lormalion  in  5  ol  111  (4  5%)  ol  letuses  at  0  25 
mg/kg  and  m  10  of  108  (9  3%)  ol  letuses  at  2  5  mg/kg  None  were  observed  al 
0  025  mg/kg  Cleft  patate  also  oaurred  m  22  of  72  (30  5%)  ol  fetuses  treated 
with  2  5  mg/kg  isoproterenol  (positive  control)  A  reproduction  sludy  m  Stride 
Dutch  rabbits  revealed  cramoschisis  m  7  of  19  (37%)  of  letuses  al  50  mg/kg, 
corresponding  to  250  times  the  maximum  human  nebulization  dose 

Labor  and  Delivery:  Oral  albuterol  has  been  shown  to  delay  preterm  labor 
in  some  reports  There  are  presently  no  well-controlled  studies  vrtiich  demon- 
strate that  It  will  slop  preterm  labor  or  preveni  labor  al  lerm  Therefore,  cautious 
use  ol  PROVENTIL  Solulion  tor  Inhalation  is  required  m  preqnani  patients  when 
given  for  relief  ol  bronchospasm  so  as  to  avoid  mterlerence  with  uterine 
contract  ibi  Illy 

Nursing  Mothers:  it  is  not  known  whether  this  drug  is  excreted  m  human 
milk  Because  ot  Ihe  potential  lor  tumongentcity  shown  tor  albuterol  in  some 
animal  studies,  a  decision  should  be  made  whether  lo  discontinue  nursing  or  to 
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disconlinue  the  drug,  taking  into  aaourtt  the  importance  ol  the  drug  lo  the 

mother 
Pediatric  Use:  Safety  and  ettectiveness  ol  albulerol  sofution  for  inhalation 

in  children  below  the  age  of  12  years  have  not  been  established 

ADVERSE  REACTIONS    The  results  of  clinical  trials  with  PROVENTIL  Sofu- 

lion  lor  Inhalation  in  135  patients  showed  the  lollowing  side  effects  which  were 

considered  probably  or  possibly  dnjg  related 

Cenlrdt  Nervous  System  iremors  (20%),  dizziness  (7%),  nervousness  (4%), 

headache  (3%),  insomnia  (1%) 

GsslromlesJinal  nausea  (4%),  dyspepsia  (1%) 

Ear.  Nose  and  Throat  pharyngitis  {<^%).  nasal  congestion  (1%) 

Cardiovascular  tachycardia  (1%).  hypertension  (1%) 

Respiratory  bronchospasm  (8%).  cough  (4%),  bronchitis  (4%),  wheezmg  (1%) 

No  clinically  relevant  laboratory  abnormalities  related  to  PROVENTIL  Solu- 
tion lor  Inhalation  administration  were  determined  in  these  studies 

In  comparing  the  adverse  reactions  reported  lor  patients  treated  with 
PROVENTIL  Solulion  lor  Inhalation  with  those  ol  patients  treated  with  isoproter- 
enol during  clinical  trials  ol  3  months,  the  following  moderate  to  severe  reac- 
tions, as  judged  by  the  investigators,  were  reported  This  table  does  not  include 
mild  reactions 

Percent  Incidence  ol  Moderate  To  Severe  Adverse  Reactions 


Isoproterenol 
N  =  65 


13.8% 
1.5% 
15% 

31% 
30% 
220% 

18% 
5% 
5% 
15% 
15% 
15% 

0 
0 


Altiulerpt 
Reaction  N  =  65 

Central  Nervous  System 

Tremors  10.7% 

Headache  3 1% 

Insomnia  3 1% 

Cardiovascular 

Hypertension  3 1% 

Arrhythmias  0% 

"Palpitation  0% 

Respiratory 

•Bronchospasm  154% 

Cough  3 1% 

Bronchiiis  15% 

Wheeze  15% 

Sputum  Increase  15% 

Dyspnea  1,5% 

Gastrointestinal 

Nausea  3 1% 

Dyspepsia  1 5% 

Systemic 

Malaise  1 5%  0 

'In  most  cases  ol  bronchospasm,  this  lemi  was  generally  used  lo  describe  exacerba- 
tions in  Ihe  underlying  pulmonary  disease 
"The  linding  ol  no  armyihmias  and  no  palpitations  altei  albuterol  administration  m 

this  clinical  sludy  should  nol  be  interpreted  as  mdicaling  that  these  adverse  ettecls 

cannol  occur  alter  Ihe  admmislralion  ot  inhaled  albuterol 

Rare  cases  ot  urticaria,  angioedema.  rash,  bronchospasm,  and 
oropharyngeal  edema  have  been  reported  alter  the  use  ol  inhaled  albuterol 
OVERDOSAGE    Manifestations  ol  overdosage  may  include  anginal  pain,  hy- 
pertension, hypokalemia,  and  exaggeration  of  the  pharmacological  eltecis  listed 
in  ADVERSE  REACTIONS. 

The  oral  LDso  in  rats  and  mice  was  greater  than  2,000  mg/kg.  The  mhata- 
tional  LDyj  could  not  be  determined 

There  is  msutlicient  evidence  to  determine  il  dialysis  is  beneficial  for  over- 
dosage of  PROVENTIL  Sofution  tor  Inhalation 

DOSAGE  AND  ADMINISTRATION  The  usual  dosage  for  adutts  and  chil- 
dren 12  years  and  older  is  2  5  mg  of  albuterol  administered  3  to  4  limes  daily  by 
nebuliation  More  trequeni  administration  or  higher  doses  is  nol  recommended 
To  administer  2  5  mg  ot  albuterol,  either  dilute  0  5  mL  ol  the  0  5%  solution  for 
inhalalion  lo  a  total  volume  ot  3  mL  with  normal  saline  solution,  or  administer 
the  contents  ol  one  uml-dose  bottle  (3  mL  of  0083%  nebulizer  solution)  by 
nebuliation  The  flow  rate  is  regulated  to  suit  the  particular  nebulizer  so  that  the 
PROVENTIL  Solution  lor  Inhalation  will  be  delivered  over  approximately  5  to  15 
minutes 

The  use  ot  PROVENTIL  Solution  for  Inhalation  can  be  continued  as  medically 
indicaled  to  control  recunng  bouts  ol  bronchospasm  During  treatment,  most 
palients  gam  optimum  benefit  Irom  regular  use  ol  the  nebulizer  solution 

II  a  prwiously  elteclive  dosage  regimen  tails  lo  provide  the  usual  reltet 
medical  advice  should  be  sought  immediately,  as  this  is  olten  a  sign  ol  seriously 
worsening  asthma  which  would  require  reassessment  ol  therapy 
HOW  SUPPLIED  PROVENTIL  Solution  for  Inhalation.  0  5%,  is  a  clear,  color- 
less to  light  yellow  solution,  and  is  supplied  in  bottles  of  20  mL 
(NDC-0085-0208-02)  with  accompanying  calibrated  dropper,  boxes  ol  one, 
Store  between  r  and  2iX  (3r  and  7Tf). 

PROVENTIL  Solution  tor  Inhalation.  0  083%.  is  a  clear,  colorless  to  light 
yellow  solution,  and  is  supplied  in  unit-dose  bottles  ot  3  mL  each,  boxes  ol  25 
(NDC-0085  0209^  )  Store  between  2°  and  25°C  (Sr  and  TTT). 
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THE  0/VAK APPROVED 
ALBUTEROL  SULFATE  UNIT  DOSE 


IT'S  THE  EASY  SOLUTION 


Proventil 

(albuterol  sulfate) 

Solution  for  Inholation 

Unit  Dose  0.0837o* 
0.57o*  20  mL  bottle 

'Potency  expressed  as  albuterol 
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